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« ■ , « 12 13 14 17 18.19.20.22,30,31,32,34,35.36,44.47, 
Clams 3, 11. 12. 13. 1V 7. B. . ^ amende(J 

are respectfully requested. 

C,a im Ructions - 35 USC . W — ^ ^ and 4M9 under 

^JL « - - -** — which app,,cant re9ards as the 

invent. The Applicants traverse m ^ ^ been 

The Examiner rejects cla.ms 3 and 22. 

cancel,ed ' , ■ «« a nri ™ and dependent claims 12-13 and 

The Examiner rejects cla.ms 11 and 30. and aep 
~, • 4 4 n 30 31 and 32 have been cancelled. 
31-32. Cla.ms11,12.13,30,3 1, a and depen dent claims 19-20 and 

The Examiner rejects claims 18 and 47, and aep 
~, • 1(l 10 50 47 48 and 49 have been cancelled. 

exemplified plantofclaim2or21. New cla.ms 54-57 reflect that s 99 



e-.i«-----« e V* , r.T^«. 34- and 47.0 under 
The Examiner rejects claims 3, 9-20. 22. 2W 

, Ih .. 112 flrst paragraph, as containing subject matter wnicn 

35 U.S.C. 112, first para IP reasonably ronvey to one 

^ ikori in the sDecrficatran in sucn a way c 
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^ T . — - ^a, 3, 3, 3, «. « * 

amended. New claims 50-57 have been added. 

. • 4 4 «i-iB 30 34-35 and their dependent 
The Examiner reiecfc «■ ^ p|ant 

Cairns and states that the claims are bmad y ^ ^ ^ 

wKch contains any heterologous <ransg*ne ^ ^ .. E— rejeote 

- — : ntr- rsr- - - « 

or mo re traits inking male sten«y ^ t „ ese plants , 

^crossing or other tradKonal mean, an meth^ ^ 

of any single trait from a multitude of sheuld resu lt in 

successful express.on of the oes.re patentability to the 

^--^-^££1 -id not induce 

cancelled to place the claims me^and ^ „ 

pasted h, the Examiner ^a.ms ^e * 5 ^ 
me .hods, while their depends clams are drawn ^ g 
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While the Examiner states that the claims encompass 'any transgem 
plan t ir^ns an, hotels -sgene J^^"^ 
any trait*, the Applicants point out that « . no, « » *■* 

trate that can be bacKcrossed ,n«o W * S 33 ^ , ,„ 

page 21. lines 16-34, and also on V**-* " the of ^ that 
order to expedite prosecuUon new Calms 51 and 551 ^ ^ 

may b e contend by bacKcross ^^^^ — in the 
spec.es that PH581 is used a, ,e st M. as a 

m a*e„, may obtain up to 98 * 0- ^ 

conversion and the recunent parent after tw Marke r-assisted 
Section in BacKcross ^ ^^^n - 
se , eo0 on in bacKcross breed,n . to. ^ ^ of „ 

Molecular Data, August isw. pp. transformed to 

co^ii, 0R -; h ^ use of molecular 

comprise a transgene . also eas,.y ^ ^ 

markers. The transgenic version of PHM1 wo ^ 

pro f,e as PH581 , wKh the P-J^T H o- ^ <* ~ - 

„ .ocated at the site of transgene ,nsert»n. How ^ ^ 

of other identical marker, would KlenMy M line as 

PH581 ' « m ,n, out to the Examiner that, at the present time, it is not 
Applicants pomt out to the bx ^ ^ as 

PHI. W ~ «*J ::: rt Z:rporate,he^ns g eneintoanew, 1 he 
breeders of ordinary skill in the art is to v {q 
by ta k,ng an already —ad pla* ^ - -g ^ ^ - 
produce a backcross convers.on. Thus, 
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use0 l0 transfer a ape* desirabie « "J^^- crossing a 

that lacks that trait ^^"^^^^^L^LrA parent), that 
superior inbred (recurrent parcmV to £ The progeny of this 

cross is then mated back to tnesuy transferred from the non- 

the result progeny for trie desired 

reral ,rent parent, ™^ *££X£Lin..-. Triametriod 
is Known and well -oerafood to one , ord na* ^ ^ 1988 

has bean successfuiiy used s,nce the 195 . ^ e p » ^ ^ 

lndu ded ,n me in— n ~ S — . P ^ ^ ^ 
2 , Unas 16-34. toera is a descn of „ m in the en- 

rich indudes the claimed trarts. **° m <*°* 0 [m , variety through 

can transfer a gene conferring • markBt now 

backcrossing is demonstrated by the fact ;»* :** 
tributes a multitude of product produced ,n *,s rnan- ^ ^ 

lines are easiiy developed dement, states 

(1995) on page 334. — d -n *e — « « as 
ma t. "A backcross^lenved .nbred to tfc« gene 
,ha recurrent parent inbred line and ""^ 585^. also submitted in 
add ed through *e backcroas, "^ ^Z ** maie steriiity trait is 
*. Hbmtftan disclosure statement discussea bo ^ 

rol *ne,y backcrossed into an inbred ^"ed production costs. In 
starile/fertile blend of an F1 hybrid ,n oraerw . 

and those of 

taot, many commercial * the male steriie 

ora inary skill in the art varied as the R hybrid produced 

(backcroas conversion) inbred to be the same va ry 
with the non-backcroas conversion inbred. 
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-tad use of the recurrent parent, the backcrosa 
conversion has many generalises ^ ^ backcross 

genetic analysis may be ^used as ^ genetic 

conversion. ™^^ZJm±*»*«- ^ 
analysis was used to rdenbfy backcrosa co rf pHg81 , s 

hybrid made wHh a trance version o^ ^ ^ 

also identflabieby.be use ofgen* a , 50 states ttl8 . me 
on e set of alleles from each P* ren . disagree. 

Applicants have not ""^^JS is repeatedly used as the 
,n a backcross conversion the deposite 

parental line. ? 28 ^ 2| and 3 4-44 and states 

The Examiner <+* ■ ^ ^ d by ^ the 

ma t te cairns "are V - , plants . or any 

amplified inbredlme obtained by using met euKvar as one 

deacendents of the exempted a* a ^ „ 

parent in a aeriea of unbiased ™ sses 

enemas and with undisclosed ^ ^ that dai m the F1 hybrid 

The Examiner rejects *™ ^ * ' parent . App , iC an<s note that a 

seed and Ft hybrid p.ant made «*PH» P ^ expressly 

Cairn to the Pi hybrid ^ ^ ^.es Supreme Court In XEM. 

acknowledged without reservahon b tt Um ^ ^ 

Ag . SU ppV, .nc. v. au^pl-n an inbred plant line 

2 001). when the Supreme Court wrote a u«y P ^ ^ ^ 

protects the line as well as all art ^ know how to 

another plant line.- Further, one o c dm * * ^ ^ ^ ^ 
cross PH5C1 w«h anotber i6 identic because it 

using PH581. regardless of the othe ^rna, P ^ ^ ^ |p me „, 

wi« have one set of alleles comrng from Ph _ ^ ^ ab , e 

wou ,d be able to run a molecular profile on PH581 and ^ 
to id e„«y the Ft hybrid as ^^^^ ma tema, or paternal 
wW ch is solely maternal in ongm, can be 



15 



Stanflanllimel 



121021 



PIONEER HI-BRED DSM 



SN; 09/758,802 

, c5 ee D a qe16ofPoethig.R-S.1982. Maize. 
origln of the - Ed , Mate6 for Bioiogica, Research, 

rrc-TL: ^ «, * — - 

AEESDdl2$-C. 1ft ,i s 8 _23, there are many 

* ~ * * B — —son an- 

laboratory-based techniques available Polymo rphlsms 

characte riza.ion - P-ant may be used 

(RFL Ps, an. Simple ev ,op . hybrid. The Appiicants 

«o identify whether or not PH581 was use Th]9 ^ 

also subm* to the Examiner the ioum, ^ W** ^ by SSR data 
oiscusses the probability of "-^ ^^ Acopyof 

-"^^^"rrrrArnendrnent and Reoues, * 
the article by Ber^ et a, s ^ ^ exp6rim8nl showe d that 

Reconsideration as ranking of inbred6 for 63 

usi ng 100 SSR loci markers res .ted ,n am*p ^ ^ ^ 

out 0 , 54 hybrid, Applicants aiso pent out <^ 
the art wit, Know the identity of both claims 12-14. 17. 

The Examiner reiects Cairns 16. 28, and 29 remain 

30-32. 34-30, and 44 ^J^^****.***** 
pending and are to ^J^^ of sknl ln th9 art wouid Know how to 
PH581 . Applicants point out that Description of such 

also be found in 

occurs throughout "^ g £Z£I*~«>**»*'~ 

factory plant breeding . flrst generation PH581- 

amended. Ciaim 40 . <° *• ° " offioe „ as prevl0U sly 

indicated this claim scope as allow rived hybrld mate e plant 

produced by the method of daim ^ ^ techn|ques as 

idenUfia bie trough £ « * ^ ^ sefflng fire( generafon hybrid 

discussed above. Claim ^ ■=> 
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Thi« k a basic and well known breeding 

- ,* PH581 These claimed plants are cieany u 
genetics denved from PH581 . S(jch , ants must 

the ir me*od «* P—n. whi* «*- se ^ aoknow(8dges ^ 
be produced through the use of PH581 and ^ ^ 

,east 50% inheritance from th e P H „ inherttance 

*. significant ^ * T^," d governmental agencies as an accuse 
has b een accepted by Wh«£ - « ^ ^ rouflnely ^pel 
ana reliable means of ,denMl«t on. P ^ ^ , aw 

ge ne«c testing of putatfce fathers * ^ be admlssib ,e 

in such cases wrthou *e . ^ wi „, on average, 

U.S.C. 666(a)(5)(F)(»D(Supp. V 1999). m ^ 
inh e* 50% gene«c con— from each P^^^ 
by me method of claim 42 will also, on average, .nhent 

the progeny be produced by the method 0 ne of ordinary skill in 

retaining at least 50% genet, «— = « ^ and a , s0 ww to 
tneart would know how to cross PH5 81 tode P ^ 3Q u$pQ M 

ge , f plants denved from the cross w* PtWU P ^ 
1234 (B . PAl . »e ^ „ support for the 
the first paragraph of 35 O. ■ ■ origina |,y-f,led disclosure would 

tjuyp'j • - ■ 
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• , ■ j » W21+ « a breeder can use a plant that is 

The „ TpLlse definition, sue, as by structure, 

description of en mvenbon p d mattcr sufficient to 

formuia, M chemical ^ f " f Ca»La 0/ U«y Co.. 

distinguish it from other materials. Unwrsrty or 

119 F. 3d 1559, 1568; 43USPQ2d 1398, 1406 ^ ^ „ 

have fulfilled this written description requirem 

16, the seed 

PH581 . »^*?Z~Z?,?:!ZJZ» - PH581. 
deposit allows one of ordinary declaration of 

Appl ,cants submit the molecular profile of ,nb« < * ^ 
OinakarBhat— i attached hereto as ^^ ^ ^ _ 
«, e sp ecfficaSon to include such SSP pro* entati ve sample 

ofwwch has been deposed* *e AT ^ ^ ^ 

Trademark Office Board ofApp showed , 

sW cture of a compoun ^ Qf !afflJ!sSSsQ 
^cted 140 USPQ 601 (1964V, buBjUUM 

ft e « given in ^a.906. Similar*. 

^™™ n ™ZT™Z~* « - - - - ~ 

in ft. present case, , ed I.ne ^ ^ ^ Mn use molecular 

marker profile being added. One * f pH581 , a backcross 

m arkers .0 identify PH661. a transgemc versen 
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con^nof andtheFt piant o, the transgenic version and bacKcross 

Wme Z*Z»* would a,so like «o point out that the specification also 
.entml PmTI Phenotypic demons. Vartous examples o, M 
methods, transgenes . w, ^ p , ^ 

The Examiner also stated, in reference to Uly, that, tne 

W 7" a S I e of protect that adequately Protects the invention. 
Ilne and seek a ^soope o P ^ ^ ^ progeny 

App „cants behave hat ft.*™* ^ ^ are 

easily and routinely created by use of tn „ These 

encompassed within the scope of the — f th 

Natives, variants and closely related progeny J- d re« a 

b enef,.from Applicants' wo* and deserve .0 be ,nol « * e J ^ 

Th.. c the issue here is patent scope around what has arreou, 
claims. Thus, the issue m have nQt been 

created (and deposited) by Appucants. The fact MM , g 

seated does not prevent them from being ^""^Z, ** **** 
MPEP 2163 (3, (a). "An invention may be complete and ready 
^re^asactuallybeenreducedtop^ ^ ^ ^ 

/.fS^^St ^.n- its Prfor decision regaling the 
Circuit, 63 USPQ 2d iouy, m description 
in5U *ency o« the deposited gene c probes * m * »e ^ 
^uirement. In so holding, the court stated. * ^ J o( 
about 850, 8500. and «00 nucleotides ^ number o, which might 
subsequences of the deposited sequences an -Knownnum 
— meet the Calmed hybridization ratio. Moreover. Enzo s expert. 
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-~ ~ fai, ~ ^ )nv en«on fron, copy** - 

scope is necessary to adequately pro ^ 

c^d otherv.se make minor change to lnvenfcn . The 

ln frin g ement while « J • — - ^ of ^ wrttte n 

defendants assert that such breadth 18 ^ ^ are described 

desch P «on. On the overhand, because the djos^eo ^ 

* - - a refere : — h i: ~:t: .j- « - 

fact--" ac now daimed satisfies the written 

-rh* i«ue of whether the progeny as now cia.meo 
The issue ot w.. . inbre d, as 

evidenced by the ^ techniques, discussed on 

18 -20, of the application. Routinely pH681 fe 

page 16. lines 8-23 of the app»cat,o, ^ - * * ^ ^ ^ als0 
wS hi„the P ed, 9 reeo f .«» J* O ^ * ^ ^ . 

Know from breeding records if PH581 were 

cialmed plant. ^..iHoiines "an applicant shows 

M stated in the written -^J^ 
possession o, the clairned invent by de^nb n t ^ 

digrams, and lndudlnfl ... 6y describing dis,ino.uishin g 

may be shown in a variety of , irant was in possession 

identifying characteristics sufficient to " g 20O2) . Pheno tvpic 

, . _,,„ . .255 offlca Gazette 140 n-eo. * i 
of the claimed invention. 1255 unic molecular 

«. are used In the text of the spec^on. « ^ ^ 

prof „es may be obtained ^J^Z U be able to determine 
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usable b -*" 9 /"^ "^^awayfro.as.arting 

ot d in arysKllintheart. «^"^:re^n gl ine. Thu,thewo*of 
, ine will be. as a whole, more h ghly rda.ec to ^ ^ ^ 

- o rt ,na. — * — 

related progeny. More specifically. Applicants 
* b9 reined in progeny mat are wrfhm one ufcro s ^ ^ ^ 

reiationship is a clear and acceptable means of (hejr 

.sc^ns used by ^ „ (or 

program but t - sta de« > pra** ^ ^ ^ . royalty 

universWes and companies mat license,* ^ , n 

, e5 are created and = ; -rto ~ Pjr^ ^ 
which the Apples ffle a paten PP ^ ^ ^ ^ as , ^ of 

useful for two purposes: (1 ) to man )he 0[igi( , a , 

.reeding matertal for the «^ • *• * 

inbre d's desired characteristics. A able to use PH581 as 

^ to PH581 would be grea«y ^^^ ^ged through Applicants' 

breeding efforts, and fixed ,n PH» . development of an 
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. breeding P^- * maKe the ^^J^TJ PH581 a, 
contr , ufc n to the - 5 B1— « ^ ^ to one 

outcross away «om PH581 an y ^ ^ ^ progeny 

least 50% of their genet.es from PH581 , me 

maylJ e only d,s<an«y related to PH581 Isadd-ess * ^ ^ 

App ,icants would also *. .o emphase <h * H ^ ^ ^ 

« any other means than ^^^^a line lin one o Uto ross 
influ enee of PH581 on the progen » b ren^d * ^ „ 

of PH581. To vie* this Calm as one of breadth «n ^ 

- — r - " r r«i — - - * 

not in fact use PH581. Compliance wim uw « 

idinq on the 

e ssen«y a fact based ino.ry^ « J ? ^ ^ ,„ 
natur eoftt.einven«onc.a™ed. * Cath ^ ^ ^ 

- — * 36 2 be doedTvie. of this limited scope of the 
description recrement ^ * are drawn to only a limited soope of 
progenydaims. As amended, the dam a« ' „ PH681 . This 

progeny, progeny whose ertstence - the > e«res o ^ ^ 

s ,n hamrcny wim the cement in seCon 2163 £ he ^ 
d9 scrip«on requirement promote for ^ rigW 

mventione are adequately descnbed , the spec ^ ^ 

— -tdTrr -X * - adequate patent 

::rr;be a :r.o . he - - «. — — 

requirement. 35 USC § 112, first 

paragra p, Cm 7~ > ^ ^ ^ |n wwch pH581 i5 . parent a „d 

37-39 are airewsu «w - 
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Examiner withdraw his rejection to claims 37-39. 
Th e Examiner re^s — 3. - 

™ Examiner has dM * for 

they teacn .hat » is *— "^11 V be jessed 
confer^ a phenotype in one plan, 9 eno t yp,c bac^u J ^ 
«, the 8 ene«= background of a dKferent pian , ^ ^ the 

session o, a^ene , ^JJ^ „ unpredlctable in producing 

SpeCi6S - 85 ^ II I a desired t* (see. a,.. 3, lines * 

single gene cwnvoi«»» r - 
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♦ho* thk k what is taught by Hunsperger 
d.scusses tne H „n S oeraer et al. succeeded in incorporat.ng the 

disclosure of starting materials lransae nes and naturally 

Lionel breeding methods, and examples* ™«» Qn 

occurring genes that may be used in such ^.e that. Tor 

single gene trarts that are relatively y ^ 

=r--==r-=--— 

at al relates to petunia. linka 
The Examiner goes on to state that. Kraft et ai. u> 

Ls and linkage drag prevent the making of plants composing a 
disequilibnum effect, and l,^ d ^ gen0typ8 . 
singie gene conversion, and that su* ^ 

specie and **<^ n ^ * 'a . make no mention of a plan, 
ft* the article states such points. Kratte 

comprising a single gene conversion. ^ Kraftet 

finely produced and do not represent a ^^J^Z 
W odd Seed Organs, on "^f^^^c^ in 

derived variety was introduced ,n«o * 1991 ^kissing and to fill the 
- nlaniansm through mutahon, multiple back crossing 
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se^ctton of a natural or ndu » or 

of a variant ind,v,dual from plan* °1 ^ „ of an essentolly 

!ED§!gnn ^ !! by g ene«c engineer. The corn. ^ ^ ^ 

derived variety needs the au.honzat.on New Variettes of 
, rtial vartety , Ration,, * — ** 

An example of how one of ord,na* s . ^ 
conferring a amative trai, into a Jri^H — e of products 

by ,he fact that the commerce! market now st M ^ 
produc ed in this manner. Such ««■ ^ ^ ^ in „. 
undue experimentation. Poehlman e a . ^ M |nbred line 

nation disclosure statement, *» , ** ^ inbred , ine and 
« s into the same hybrid —.on as nj , p _ 

The Examiner goes on ^ gen etic components comprising 

ep ,sta.ic genetic interacts from «h var 9 ^ ^ |p a 

contributions from different genomes « page 1815 ). The 

genetically complex and ,ess than add* W e : ash,on « ^ Eshed 

„ ai. ar.de ,t state* Mart . ^ ^ ^ (Doebley et 

Dro sophila (Long et al. «W - J» ^ , es , than . ad dK,ve trend." 

al.1995; Cockemam and Zeng 996 * ^ ^ ^ ^ dQes 

E m P has,s added. Applicant so add .a, ^ ^ ^ ^ 

not require undue axpenmentat.on. Please 

•rrrzr.r- *r; — 
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the aenes transferred into PH581 are now Wed to 
prosecution. In claim 51. *e genes tran ^ 
the trans of herbicide resistance, .nsect resstance. 

steril'rty, and waxy starch. ^ ^ ^ re j ecton on 

The ^miner ^^ ^ m2 . admte M outcrossing the 
pages 7-8 of the amendment *«*^~ unpredictable , Applicant 
exempt inbred to another undrsdosed P » < P ^ ^ ^ 

cements on pages 7-8 of the amendment o 12 9 ^ ^ ^ 

„ . is not possible to use the cited Applteanl s did 

^ or anv of the claimed progeny u. 

„ t he same as PH»1 - V „ introgre88 . ge ne ,nto 

not in any way state that wo tarhniaue8 or transformation. 
P HSB1 through backcross breed,ng te hniques « t ^ ^ 

ln ,,ht of the amendment, to *^ £ of 

Appiicants request reconsideration of the re )e ct,on 

35U.S.C.112- 

obvious over Johnson (U.S. Patem in 

'^ants ha. — - H. = 

requires the use of PH581 , ana is 

genetic contribution from PWWU ^ ^ t0 wntten 

The Examiner has made ^ t0 the w «en description 

option and these ~ £ ^ « , is ungear and 

section above. The Exarmner then maKes » n progeny 

unlikely that the 9 ene«c matenal tha , — *£J ^ 

::: e ::iz;.nbred. — » — - — 

inbred are noi ui.. M «- 
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. of the exemplified inbred 
no r gene* means of inheritance ^ indMdua , traits, and 

th e daim as amended, beceuse wo. ^ ^ re , ates not to 

contnbution IW" PH»1. F"*er J* b ^ ^ tralts 

plante uprising mesa * ■ > in flxing the se 

thro ugh tne use of PH581 and * ^ ° ^ , breeder from 

Regroups in PH5B1- Qf (he sam6 morphoiogica. and 

maKing. using or seiiing a e plant o, ^-n 43. so ,ong as such 

phystoWoa.oharac.ensbcsofPH^lort 

p.antw a s created w^outme use of P^ ^ ^ submMed as 

SSiU ,n U.S. ^ - ^ reque st that the E — 
* lig ht o, the AJ- ^ ^ 35 ,.3.0. « (P) 

reconsider and withdraw the rejechon 

and 103(a). 3M3 , and 50 -57 are now pending in 

Ciaims 1. 2. 4-10. 15-16. 21, 23-29, 3 ^ , ^ ^ ^ (he 

da im scope which the Applets MM * 
issua nce of the patent. 

^foregoing amendments and the 
Accents submit that in .i g h. of *e 9 ^ ^ are n 

-srsrt'iss '.- — 

outstanding issues. 
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Marker-assisted Selection in 
Backcross Breeding 

SJ. Openshaw 

Pioneer Hi-Bred Intl. Inc., P.O. Box 1004, Johnston. IA 50131 
S.G. Jarboe 1 

CIMMYT, Usboa 27, Apda. Postal 6-641, 06600 Mexico, D.F., Mexico 
W.D. Beavis 

Pioneer Hi-Bred Intl. Inc., P.O. Box 1004, Johnston, IA S01 31 

Abstract. The backerass breeding procedure hu b**a ased widely to transfer simply Inherited traits Into elite senotypes. 
Genetic markers can increase (lie effeetNcnea of backcroislng by 1) increasing tne probability at obtaining * Stable 
conversion, and 2) decreasing the tune required to achieve an Acceptable recovery. Simnl&tioki and field results indicated 
that, lor a genome consbrJiig of ten 20O-cM chromosomes, basing selection on 40 or BO marl:&rs lnSBBg individuals that: 
carry the allele being transferred can reduce the number of baclrcross generations seeded Iron a boat seven to three 



The. b&ekcrosi breeding procedure au been used widely 
to transfer simply inherited traits into elite genotypes. 
Usually, the trait being transferred is controlled by a 
single gene, but highly heritable traits that are more complexly 
inherited have also been transferred successfully by backcroas- 
ing; for example, xnaluriry in maize (Rlnke and Sentz, 1961; 
Shaver, 1976). Today, baekerossing to beinfi ased to transfer 
genes introduced by such technique* at transformation or 
mutation imp appropriate gernpltsm. 

Several plant breeding textbooks give good descriptions of 
the backcrosa procedure (AUard, i960; Fear, 1987). A donor 
parent (DP) carrying a trait of Interest ii crossedtb the recurrent 
parent (BP), an elite lino that Is lacking the trail. The F, is 
crossed back to die RI* to produce the BC, generation. In the 
BC, and subsequent bseteross generations, selected Individu- 
als carrying the gene being rransferrcd are backcrossed to die 
RP. The expected proportion of DP genome is reduced by half 
with each generation of bacl^rosslng. Igp wing effects of link- 
age to (he selected DP allele being transferred, die percentage 
recurrent parent (%RP) genome expected in each baekcrass 
generation is calculated as: 

%rp» loo [l-pjjy* 1 ! 

where n is the number of backcrossea. 

BackcrOssing of selected plants to the RP can be repeated 
each cycleundl a lineit obtained (bat is essentially aversion of 
the RJp {bat includes the introeTessed allele. After six back- 
crosses, the expected recovery is >99% (Table I). 

Unci] recently, discussions of the recovery oftheRF genome 
during backcrcsiing hive emphasized the expected values for 

ipetmAf with Pw*« tlm»«nky. WW lAtwyttn, bid. 



%RP shown in Table 1. and have largely ignored the genetic 
variation for ftRP that exists around the expected mean. With 
the development of genetic markers capable of providing good 
genome coverage, there has been Interest In taking advantage of 
that variation to increase the efficiency of backcrossing. 

Selection for RP madesr alleles can increase greatly the 
effectiveness of backcross programs by allowing the breeder to • 
1) select baekeross plants that have a higher proportion of RP 
genome, and 2) select haekeross Individuals that ore better 
conversions near a mapped donor allele baring transferred (i-e., 
select for less linkage drat). Expressed in practical terms, using 
genetic markers to assise backcrossing can 1) Increase the 
probability of obtaining a suitable conversion, and 2) decrease 
the rime required to achieve an acceptable recovery. 

bsues Co consider when planning a marker-assisted back- 
cross program include 1) the dins advantage of using markers 
to assist backcrossing, 2) the number of markers needed, and 3) 
the number of genotypes to evaluate. In this report, we use 
results from previous literature, computer simulation, and em- 
pirical sftdfas to provide same- guidelines. ' 
T»U» 1. Bxptcud n&mry afftr:»mrit partKi (KP) ftfiom* during 
bOckcrattiAf, utumbij m IMtajc to ihe §UU biii\& &anifkmd. 
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^eternunattonofparenta . • ajmatViM **~*—*> 

ciK umsttnces where there » P ^ ^ 

* j onrm We now present a vanauvu 

We describe and evaluate tf^.pouinauon 

.voes Our algorithm takes mto account that genera 
homozygous genotypes, uur » t md me initial parental genotypes 

..I ™ss The number of generahons and the mraat P 
occur aftertheinittal parental cross. The neterMyg ous loci in the 

• „f inbreeding reduces the number of heterozygo 
^nnicnown.EachgeneraUonofnrhreedtn^ ^ ^ 

„ of 50% Thus, each of the inbred progeny moivtou 
p ( ogenybyanaverageof50/o.Tb ^^^^es for loc. where u,e 

^alparentalcross^haveiostapproxunate.yhalf P 
^paren^e.ed.r—aUelesand^wereheterozygous 

..bredparentsthanahybridp^-HotU. , ' bM * a 

■ „™d data compared with the hybrid algonthm vhat has been p 
ofmissingornus-typeddataco P ^effecnvenessandrobustnessofthe 

„ , . 20 (m We therefore demonstrate the effectiven 
described (Berry e'o'- 200z »- w5 We first tested the 

• ™ntes 6om two species of cultivated plants. We first 
inbred algorithm using examples 6omtw 
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ot the setf-poU^S. inbred crop, soybean tf»*< — 

i ^ v,^ran« numerous varieties oi w y 

maize (Zea may* ^ ^ ^ toes are 

generated by making successive generate of sell p 



cross. 



MATERIALS AND METHODS 



Algorithm: The a] 



igorithmisavariation of thehybrid version 



ofBerry*fll(2002). Consider an 
; containing possible inbred 



index inbred whose parentage is 

•i«w,» The obiective is to find the 
ancestors is available, me ° D J cl - 

in the database using genotypic information 



unknown or in dispute. A database 

probabilities of closest ancestry for each inbred 

from a large number of SSfcs. 



Consider a pair of possible ancestors, inbred i 



and inbredy. We calculate the probability 



itvthat 



■ ««. j.tWi.Astandfotthem.cond.tionalCorpnor)?^ 
mfonnattanftomtev.nousSSRs.Utnv^ 

various probabilities: 
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• * ■ Knda in the database, indexed by u and v. 

THeprob.ent.sto — atyp nmofbreedi „ sbef o re «h eS =. f -Po«i»»on 

process . unknown. »» * index mb ted 

K„hrirt we label the (unknown) hybrid useo to 
pomnaUononahybna.wela ^^isan^atede^demof.and;, 

. . when the intermediate ayonax* 
aste in,errned,a,ehybnd. Wn me n the intermediate hybnd ts 

r - v j.'.allelesandoneofmbr^salleles.Yvu 

fmbKd " 5 f 4( ^^oneallelenotneachwi^^O,. 
a s^ond descended of . and,. « -etv ^ 

, „„, ifmv ',isuiiknown,welabelthe«:tuwp 
Md so on. Since degree of ancestry Of any) . we 

* . ^e are four possibilities: 0) «- - W- ° f ' ^ 
WheninhredsUndyareancestorsthenOtereare ^ but not , 

„ , -j ,-rame through but not;, 
^ (4) neither came through. Assuming mdep 
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^i*-!-^—- ' Sofeithestepsweha ved eS cnbca aI =i<ienUc alt o ( ho 5 e 
„ un>b ,o f ^ a „hcSSRin,ue Stl o,So fel *e S P ;f ^ tato 

,„„ of , hyb rid described by Berry et d. (20<«> •» 

for — - ° f ^ fcr hybrid5 . calculations are 

. „«R then calculations proceedjust as tor 

substantially different * where x is wry allele different front 0 (but not missing)' AH 

alleles other than a can be group 
^mightbebcorWorW- 

f „ exvin^e index assuming inbred, ■ "d; are ancestors. The 

samples above. rnenunrb.orpossibil.ues.slarse.Here. 
^.is^andbotbaUe.esofinbredyarenussing.Then 

,„ be observed for an SSR 
.„„_, ^ve is that more than two alleles can 
^erpossib^notconsrderedab -b-ia ^«-**-- 
^^nonindividualDNAsamplcTluscan weB)iM8 -^ fc 

dividual plant be ng sampled for a 
a.Moidy.ntore.hanoneu.d.v.dualp 

thi5 ca56 we consider all possible patongs of the obse^ 
toputationprocecVe (Little and Rubin, 1987). 
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f diversity of soybean germplasm that 
pres ent a broad array of dtversity 



is currently grovm in thetinited 



re; 
States 



v nublicly avails SSR roartoS 

^enon—e -— ' * — — ' 
of soybean. 

, ■ a the identities of the soybean genotypes, 
^allele scores weremadewithout^nsthe.den 

n 998^ and were obtained 

Maize SSR data using 70 loci of , 4 

= . ,h„r This publication (Senior rfoUBWcn 
^cuyfxont the first auu,or. This p ^ 

*«^*-------' --, ^ l ; --I . l . fc -.a-- t *-- 

whichwasbredfromihecrossofU . fWF9xC I 187-2. Other mbred 

progenyt^orecomplexpe^ Xwoi „breds(A632 and A634) were 

„ rt f Tft as the recurrent pareni- i w 
following an additional cross o w ° eMofB 14 as the recurrent parent. 

^thecrossMt- BH « addition, crosses o^B 
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RESULTS 

WWO.****— « 4 * P - m ^foranaUe-e** — 

the original parental genotypes. 

^.^naata-r,^^^— the P^es of 
^^^stryofthetop^vanouesforeacho 

to dexvarieueshadoothparenu»rrec U y ^7,43 (!6%) had none of the 

, c(im otWplaceofa^ of,hetoptWO,W . 6o;86 

hadoneparenteorrectlypia . Thus v*en/> = 0 5 was used, 6O/80 

• ^ „,„ the top two ranked posmons. Thus, wne p 
actual patents assvgnedmto the top 
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pioi<gL5t5H2J2S 

w^incorrectlyplacedinlo^posiUoos. 

ed at ff ° 0 with data fiom * 236 loci (data not shown). 28/43 
V^tneaigo^wasusedat, . ^ ^ wo po-— . 

(65%)0{ ,d« — «~,— «"* ' po5itions ,^«3^ 

♦ .^rrectlv olaced in one of the top p»« h 

MOa*)*""*""*"*" d DOsUiow . Ttatefo". 075 

• «4 into the top two ranked positions. 

vanet.es werecottcctly assigned; 10/86 (1 2/.)w 

• that were incorrectly 

^dat^attueP— s^P— ' 

. - v filll -iuc of a grandparent of the variety 
misp lacedpa r entand(b)fullsibsot gr 

• ^cent of cases in parentheses) were, mu w 
beingtested-OthercategonesCpercentofc 

n 
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, l1m „aremWno„-MendeUan P ar=nt. P ro8eny B p^.l.ave 0l r 
fflissi „g data and apparency ^ ^ ^ daa 

te ^«f. B «ni*».*'* B » ,^ tawOT created with a first pass 

simulated levels of irdssiag and tms-typed data were or 
— tonowedb va S ee OB dpass«e, togmi s.,ypedda..Wore, f or 

from 36 to 40%. r-wev«u ^^ti in common and one 

. assRpromes.Fottrvar.etieshadnoparenVsorg^aparer.^noo.nn. 

pedtgree and SS* profile wl variefe had parents ranked to the top two 

• • « elated by a common parent. An vaneu 
p^ofvartetteswasrelatedby _ Q 0 . 99 . TOs selection of vartedes 

posil i„nswhen*ea, g ori to was™.atp-0.75 ^ ^ qoantity ^ ^ of 

♦ ct*wuh lower boundaries for both the quanmy 
therefore provides a means to establish lower 

■*»a tr. avoid aberrant results. 
SSR data that are required to avow 
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^ A f the top five ranked varieties for each of five 

, (0.5 a«d 0.99). U«P- 0.5, .he** ^ ^ rf 

, «. used at a M of 0.99 all parents were correctly «* 
o{thefiv evaHe tie sw h c ntet a fr o I na sfeW as 5 OSS R1 o Ci w ere ^ 

Tabl e5su— selects ^ ^ ^ ^ ^ 

«d Similarly, robustness was mainland for up to 
m oreloc, ««e used. S,m.larly, ^ ^ 
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those authors. 

shreds for each of the seven 

. i -„wrf<; bein° ranked m first and secona P 
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the 



A634. Use ofp at 0.99 



did not cause the non-recurrent 



parent(Cl03)ofindex inbred (Va35) to 



rank uito the top replaces. 

For the index inbred (Pa91) that was bred from a m ^ ranked in 
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DISCUSSION 
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• „ e w 50% of pairwise relationships are related * 

ide ntifyped.gK«W' ^ofmaizeinbrefcusedherethusalso 
^ameanmgfclevalua*™ ^inationof inbred 

pedigrees. 

UB of.hea, g orithrna,p-0.99 , statistic al different for 

*. percent of correct ° f ^ 5m4 Ult ofth « alsonthnr 

. „ tft the highest ranking non-pare«» 

• Mi/hen it is known that the actual v 
atp .0.99ismo re appropr»=«* h . , iK Ifu is not taownthat.be parents are 

„ tv,o cet of "index varieties, it w « 

„ ■ H« s etffiennseoftealgorittanat P -0.5.srnore) 
included in the index set men ^ wae quened 

■ „ was used at 0.99, then 77% of all van 

Forthe soybean varieties, wbenp dgh , percent of «*-P— 

u a h„th uarents correctly identified. Elght-eigM P 
for their parents had both paten ^ 
•« , 9 ™> s6 43todexvarietiesthatwetequenedfortne 

were correctly identified across 43 in .^on was not 

u „ ^ibleexceptionofonevarietywheiedeta.ledp 
vanetiesCwUhfcepoatbleex ep . tedsithCTmto mi,ranked parent or to the 

^thatrarocedabove.eparen.werereiatede.th malgoritoto 

^nehybridpedi.reesCB^^.^ahowedahi.her.ev 
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grandparents or sister varieties of the index variety. When all parents and direct ^^^^ 

l^orvervprec.se — o^ — 

m^on.epedi.ee^eevent^.he-pa^werenotpresent^e 
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rank as 

database. Nonetheless, when parents 



were excluded fton, the analysis then varieties that were 
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for 33% of 0.e varieties that were earned. Direct pedigree derivatives of one or more of the 

index variety were excluded. Further investigations of.be identified of grandparent wul 
require a datase. meluding a„ grandparent of each index variety and wiH also require a revised 
algorithm ,0 take account of pedigree contributions from four varieties as opposed to pairs of 
varieties which forms the basis of the current inbred algorithm. 

cross of two parental hues followed by subsequent cycles of inbreeding (i.e. for the inbreds 
Mol7 Va99 and W64A). The relatively high leve! of robustness for results with maize inbreds a. 

ta d both parents correctly identified when p - 0.5 was used) cou.d be accounted for by the 
smaller samp.e size of maize inbreds and by the lower degree of mean pedigree relatedness 

inbred lines in this set are closely related, there reman, many inbreds that have Utile or no 
pedigree relationship (Senior et al. 1998). 

The inbred algorithm correct.y identified both parents of me three maize index inbreds thathad 
neen bred from bi-parenta, crosses ma, involved equal contributions (by pedigree) from bom 
parents. For the three bi-paren,al crosses that involved subsequent additiona. crosses of the 
recurrent parent (and thus significantly biased contributions by pedigree to the index variety 
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^e rati0 n(su™ ly to 1 2.5%,« 5 %.3,25%)wi t h t h e ped ig r«co„ lri bu ti o n of^ 

most crops, are bi-parental. 

+A p— spring, spectra. P*n-up, — y binding sites or poiymer «*.). 
g .^.«^*------- i ••■--'- , --* r,,B,,-,,h, 



scoring 
or 
as a 
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. « «r nff tvoe sesregants which may, by chance, be sampled m 
in tow frequencies of heterozygotes or off-type segregan 

/ nntm have estimated mutation rates of 7.7 x 1 0 per 
als o affect SSR profit Vigouroux^a/. (2002) have «tma 

rfl «««--M W -**i---*- fc "- , - ,^D • ,,-,, " 

^. te ,«^---«-----' te "'' - ' ,,,-, * ,n "" 
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• r^Maret* following cycles of inbreeding might be more 
K was anticipated that determinate of pedigrees following y 

„ v, vhrirt<? where the total nuclear genetic 
changing .o *»*m 0. to d~ ped.gress of hybnds where 

^ - ^^*---^«**«--■ ft -- ,4 - ,,, * ,,rtfc, " 

c ^^-^-^«---- , - d * , - - " h - -,,, " to 7 

protection of intellectual property rights. 
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for example of genotype aa. 
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inbreds: Cases that must be considered 
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is any allele different from a, but not missing 
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Table 2. Probability of observing the index [PflSSRMl 
Calculations for SSRs 1 to 6. 



assuming inbreds i and; are ancestors: 



SSR 1 PdSRVJ) 



p) 2 (l/n) 




p) 2 <m 



- 6 Tm^^ 1 ^^^ <1M) 



The four terms in each case are m 



order of the four possibilities when mbreds « and / are 

u - * ■ were passed to the intermediate hybrid, (2) i came 
ancestors . (i) the alleles of both i and; were passeo io 

, ^ rt *ther came through. Missing alleles are 
though but not,", (3); came through but not and (4) neither came thro gh 

not considered. 
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, ~trv and pedigree relationships for soybean varieties where both 
Table 3. Probabilities of ancestry and pedigree 




A2943 



A4595 



Hark 



Kent 



P9583 



P964J 



S30J2 



\ Parent 2 

2 Full sib of parent 1 

3 Parent 1 

1 Parent 1 

2 Multiple backcross of parent 2 

3 Parent 2 

1 parent 1 

2 Derivative of parent 2 

3 Multiple backcross of parent 2 

4 Derivative of Parent 2 

5 HalfsibofA4595 

6 Parent 2 



8 
9 
10 

1 



Parent I 
Derivative 
Derivative 
Derivative 
Derivative 
Derivative 
unknown 
Derivative 
Derivative 
Parent 2 



of parent 2 
of parent 2 
of parent 2 
of Hark 
of parent 2 

of parent 2 
of parent 2 



Parent 2 

Derivative of parent 1 
Derivative of parent 1 
Parent 1 



1 Parent 1 

2 Full sib of P9583 

3 Parent 2 

1 Parent 2 

2 Derivative of P9641 

3 Parent 1 



Probability^ 
1 

0.5822 
0.4124 

0.9977 
0.7999 
0.1999 

1 

0.9956 
0.0034 
0.0006 
0.0004 
0.0001 

1 
1 

2.1E-09 

1.4E-09 

3.1E-10 

UE-13 

3.8E-15 

4.6E-17 

4.7E-21 

2.7E-21 

1 

0.9990 
0.0011 
3.0E-04 

1 

0.8801 
0.U99 

1 
1 

3.7E-06 
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YB30K01 



10 YB4JQ01 



1 Parent 2 

2 Half sib of parent 1 

3 "Full sib of parent 2 

4 Halfsibofparent2 

5 FuU sib of grandparent 

6 Derivative of pare^ 1 

7 Full sib of parent 2 

g Full sib of grandparent 

9 Parent 1 

\ parent 2 

2 Full sib of parent l 

3 Full sib of grandparent 

4 Full sib of grandparent 

5 Parent 1 



1 
1 

7.9E-09 

3.3E-09 

1.2E-10 

3.0E-11 

2.0E-U 

8.7B-12 

UE-12 

1 
1 

7.3E-05 
4.1E-09 
9.1E-10 



in this table (ses Figures > md2 >' 



were 



^ed first and second are not included 
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Table 4. P^abHity of ^ for 8v B individual 
^differentnumb^oflooi^miSO^ 

"L50 

Inbred 



nsine SSR data obtained 
soybean varieties using w 



_ ^P- 5— r- ^possible ancestor Piub 



L15 Q 5-t— p^iiible ancestor Ptob 

possible ancestor Ptob Posstow 



P=0.5 
93BH 



A7986 



XB3IC 
A3415 
XB38A01 
P927I 
YB30L01 
COOK 
XB63D00 
S6262 
YOUNG 
BRAXTON 
P9443 DOUGLAS 
A3415 
WILLIAMS 

YALE 
P9394 
S3535 
S4644 
YB44R01 
YB40M01 
YB44Q01 

YOUNG DAVIS 

XE63D0O 

96B32 



S3STS 



0.9461 XB31C 
0.8006 A34I5 
0.0256 WILLIAMS 
0.0251 A3242 
0.0232 YB30L01 
0.7748 BRAXTON 
0.2841 YOUNG 
0.1826 COOK 
0.1755 XB63D00 
Q.1065 P9641 
0.8086 A3 415 
0.7629 FAYETTE 
0.0887 DOUGLAS 
0.0501 CX2<50C 
0.0411 WILLIAMS 
0.8711 S3535 
0.4543 

0.2762 rB40MW 
0.1087 YB44R0I 
0.0325 KB37yO0 
0.6589 DylWS 
0.4942 ESSEX 
0.3122 WrfW; 



1 



0.9362 
0-0429 
0.0155 
0.0015 
0.9725 
0.5302 
0.3872 
0.0496 
0.0328 
0.5557 
0.4957 
0.4855 
0.2032 
0.1608 
0.9993 
0.9988 
0.0012 
0.0004 
0.0001 
0.6551 
0.5979 
0.3409 



XB31C 
A3415 
WILLIAMS 
YB30LOI 
A3242 
BRAXTON 
YOUNG 
P9641 
XB63D00 
COOK 
FAYETTE 
A3415 
CX399 
CX260C 
WILLIAMS 
S3535 
S4644 
YB37YO0 
93B6S 
A4268 
DAVIS 
P9641 
COOK 



1 

0.9146 
0.0809 
0.0034 

0.0006 

1 

0.8910 
0.0404 
0.0254 
0.0245 
O.S760 
0.7034 
0.1671 
0.1273 
0.0948 
1 
1 
0 
0 
0 

0.6324 



XB3IC 
A3415 
WILLIAMS 
A3242 
DOUGLAS 
BRAXTON 
YOUNG 
XB63DQ0 
96B32 
P9641 
PAYETTE 
DOUGLAS 
A34I5 
WILLIAMS 
CX399 
S333S 
S4644 
A4268 
YB44R0I 
YB37YOO 
DAVIS 
P9641 
ESSEX 



1 

09954 

0.0046 

0 

0 

1 

0.9929 
0.0071 
0 
0 

0-9885 

0.8847 

00846 

0.0348 

0.0062 

1 

1 

0 

0 

0 

0.9752 
0.5397 
0.3273 
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COOK 
OCDEN 

p=0.99 

93BII XB3IC 
A34I5 
A3242 
P9441 
WILLIAMS 
A7986 BRAXTON 
YOUNG 
P964! 
96B32 
DAVIS 
P9443 DOUGLAS 
FAYETTE 
CX260C 
A34I5 
S394I 
S38T8 S3535 
S4644 
YB4QM0I 
YB44RQI 
93B67 
YOUNG DAVIS 
ESSEX 
P9641 



1 XB31C 
0.9999 A34I5 
0.0001 A3242 
0 P9443 

0 WILLIAMS 

1 BRAXTON 
0.9903 YOUNG 
0.0092 P9641 
0.0005 96B32 

0 DAVIS 
0.9998 DOUGLAS 
0.7010 FAYETTE 
0.2345 CX260C 
0.0644 A3415 
0.0001 AP3330 
1 S3S3S 
1 S4<W<* 
0 YB4OM01 
0 >15P79 

0 YB44R0I 

1 ZMKK 
! £5S£AT 
0 P9641 . 



0.1692 £&S£* 
0.1315 96B32 

1 XB3IC 
0.9999 d-W* 
0.0001 

0 /432^2 
0 WILLIAMS 
X BRAXTON 
0.9903 YOUNG 
0.0092 5WB32 
0.0005 M«i 
0 DAVIS 
0.9999 FAYETTE 
0.7011 DOUGLAS 
0.2345 

0.0643 <434/5 
0.0001 

1 S35i5 
1 S4644 
0 9J5<57 
0 S7/37S0 

0 YB37Y00 
! IMWS 

1 ESSEX 
0 COOK 



0.2817 

0 , l9 33 COOK 



1 

1 

0 
0 
0 
1 



XB31C 
A3415 
WILLIAMS 
A3242 
FAYETTE 
BRAXTON 
0.9987 YOUNG 
0.0012 XB63D00 
0.0002 P<tf32 
0 P964I 
0.9995 DOUGLAS 
0,9993 FAYETTE 
0.0006 

0.0005 CA-39? 
0.0001 -434/5 



t 

1 

0 
0 
0 



S3535 

S4644 

A4268 
YB54J00 
YB44R0I 
DAVIS 
ESSEX 
S4240 



1 

0 

0 

0 

1 



1 

0 
0 
0 
1 



1 

0 

0 

0 

1 



1 
0 
0 
0 

1 
1 

0 
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2 MAIZE - THE PLANT AND ITS PARTS 

r. Scott Poethig r„ r tis Hall 

department of Agronomy, Curtis nau 

& P aU lean, that ptanta ^ have a v£ ^ ^ ^ and ^ 

and roots, and that now s of leaves, two Kin« s 

St'JTdSSSt .A ^maiz ^ 

most important parts of the ma ^ e d ^ velopmen tal morphology £ g ma ~ ^ted 

Tore d^^^^^vestigators. ^t ^M^ The 
been provided by %^^% icture 0 f maize structure and^ aeve p duCtive 
1980) gives a ^/^r^e histology of vegetanve and r ^ 
external tt<> r P h0 l o ?? u £ed by Bonnett U948 1953). ^"SSl) whfle the most 
shoots nave b e e ?^f^d Phoney, 195X; Abbe " Randolph C1936) 

and ^-workers (Abb^nd ^ ^ embryogen y are those of K ^ 

written By Sass u> . i,., 

^TF^ftW^** «^£2FrtS??H?. 1W Stripped 

^olanfiwo vertiSl 'rotfof leases ff" 'JSk appendages, 
£e3S distichous P^f ^ t 15 

wherever they occur on the plant. ^taate) 

Ma*, has unisexual, rather than ta the .tajg. . 

^Jsa^sffiSss anas* ta: 

several compact ears_ ; Scaled 

of the stem CFig. id, «M«rate structures 

pollinations in ^ f e J r *| r shoot . T o perform a _controBefl each 
^X^t^Wey^d^her cereals, It * n«— ^ _ 
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10 



newer used as a female parent 
yields only one seed. 



an especially tedious job W hen eacn flower 




B 



* ,u v. b) Mature maize 

fe « br^ches Only the k,»er ! ^ suppressed^ Abo™ ^* 
branch P*f'i,fer*»8. whae th0 "- l0< S-™»ta« M th "main stem. 

some ears on tillers. germin ation, the growing 

Sfm^r&aT^ Inches tall, even ™, U8U — — - 
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11 

, r** «tem begins to elongate rapidly, with 
v t 3 ) subsequently, the stem d eg» 1 . des _ The lowermost 

^st of^'/rowth occurring at the base of ^ ^erno^e ^ 

and are smoothly cylindrical. 




central W>i*« 



lateral branch 



seconda'7 
male Ho"' 



spike 

second order 
spike 




.ear shoot 




rui| M v^.H.co,. 
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12 

rvrr 9"\ differs from the 
Th e ste» o( an ear shoot called '^.S^?* 8 in addition, the inter- 

£nd S to° f h?ve TitMW ^^-^"SSi.. but are rare in tao 5 t 
5^W^fS«r- tnTapica! - is prevented. 




Figure 3. 



. i <» f^At tall) in which the 
A four wee* old ^ (aPP-xuna te yjjeet J ^ on ^ 

stem apex has .f% en ^ el y short at this stage, 
right, the stem as still relatively 



trie 5iem io - „ 

, . _ f th p culm, consists oi a 

Thetassel: The S&h* nl-us ■ 

- ^-r?- 1flr gp branches (spiKes; cov *" ~, branch point on a spifce Dears 

t«o spikelets, one on a long ^"e'lp^eietsTm t^ produce, two t ^ 

g^SKS>^»^r»a are ,uite 
common on tillers. 
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13 




p.s. 



s.s. 




ear spikelets (.b;. wote ui* _ De ai ce nate spikelet; s.s. 

fn ak other pair of scales, one Seated a^acent u s anthesis, 
Sber located between the two florets 0*« £§g> C of conical structures 
?htse scales are forced apart by the filam entous base of the 

SSiules) at the base of toe 3 — , Jf (Fig . 2 ). As they 
doSV, S^rs fh&n fro. openings at the, t:p. 

Pollen grains are --uM— ^ 

^os^^^ £££ iS 

sheaths. After miosis , the J ^^^shortly before shedding, each 
each other, and each forms a toicK .wau div i S ion is asymmetric, 

microspore w^* B Sf v S cell and a smaller generative celL 

^«r n r^^ to form two spenn 

The ear: The ear is morphologically ^^^^^£S*S^ 
resemT^cTT* obscured by differences » flu ^ ^at The tassel contains 
The crucial difference between thm J, oi c ours^ ^ f e is due simply 
male flowers, and the ear bears f emal ones • ™ stamen p^ordia are 
to the fact that during the ton**** oraow i ^ ^ ^ deV e lop s 
arrested at an early " '^SSteSw, which terminates in an 

fully. Each actional ear floret has ££"gj ^v^ry is a single gn bryo sag . 
elongated style, or s^ (Fig . 5). W ito in ^ re ^iting from 

The embryo sac is the product ofonetfTO i k sister cells de 

J^S^^S-"-^ nuclei remaining at me b». 
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while the 3 nuclei at the up 
antipodal cells- 




rt f an ovarv with an unfertilized 
Figure 5. Radial tongiwbaal sectior .of an o y ertili3 ation , the 

M5Ur embryo sac (after R^ojph, ^WW. P sac ^ ^ 

nucellus is *f /^^f f s 'SSSKed into the pericarp- si - 

i that it has no major lateral 
The ear also '™J£ e the co£ S homologous to the central 

branches. Its thick, *8^*^Jf %£ -spinets come in pairs , but in 
soike of the tassel. As m the tassel, ea r 5 pj^ each spikelet 1S 

S t£?ear they are equal in size and only one £lj^£ bep of para u e i rows 
functional (Fig. 4b). An ear * e ~fore^as : a ^ ^ ^ cob The 

The glumes, lemmas and paleas of the ear oT'he 
in J h unfertili2ed ear. but are . soon ^^fe Structures are -presented 
^^EPSS- * the base of the kernel after it is 

shelled. 

The leaf: «— r^ns^A llfTS T£k o^tEe 

leaveST-ta^JSS^ f d Egjg*l aves A aVe located on the shank of the ear 
S '^pSSJ'S^S. has. of the shank oetween the ear 

shoot and the stein (Fig- 2). 
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The foliar leaf has two ^ *Ap» tightly 

tending away from the stem toej^th^ " ^ de P consists of a spongy 
around the stem (Fig. 2). Inte ™f^ paraUe l, longitudinal vems. Th^ 
network of cells traversed by a series or P ken€d tranS iucent struc 

flexible lamina ^ s upport e d by the jmdn , . g thick d more rigid 

tire located in the center of the leai. x«« d lacks a pr0 minent 

Sal the blade, possesses fewer ^nfitudinal ^ £^ bove ^ no de to 
Sdrib The sheath completely ejjajdgj t^ £ te ™ ^ of that internode. 
which 'it is attached and may extend i the entir g f 

During: the early development of the plant , ui upri ght. At the bound- 
Kchanical support necessa ^ a *stinct hinge of translucent 

Sr We in « ^Idte^ .SEEUSSSi 

US - \ dent ^ ™ e Ugule is the thin 

adjacent to this indentation is imown th nnHge. 
collar of filmy tissue located on the inside o 

- . „ ^ 0 Mr ^ usually considered modified 
The husk leaves surrounding the ea .JJ^ 8 occasionally present. n 
leaf sheaths, witb . v^s o M£ blade por^ ^f e " Eac S 
some .strains husk leaves develop a P relatively thin and flat. Each 
&^^cl| h r a ' on the „d but . few 

u£ P «r ones are arranged distiehously . 

L^ted between an ear ™. ^SS^^SfWSE 
ficiallv like a husk leaf, but is d * M ^"ed by the prophyll arose evolu- 
In? a sTut apex- ^ 'tSwtoffiEi The no^ol o y of the prophyU 
tionarily from the fusion of two fohar ^ave^ examp ie, considers the 

^^^•1^3^ M/morpW. the others being the 
intemode, leaf and axillary bud. 

. ■> oV. rt ,,t the srowth, cell biology, physiology 

The root: More is known about the h perhaps any other 

and anlSoi^Tof the primary m ^^l' uc ° t ^ r ^|cribed by Sass (1976) and 
organ of the plant. Its histological structure, oes , ^ ^ ^ ^ 

KfeSelbach (1949), is ^P^^^ofSs Immediately behind the apex 
sheathed in a loose network of root cap ce. us - d wnich ^ hairs are 
U a zone of cell division and elongat ^n, bey ^ ^ f 

talited. Larger lateral roots an* ^ at £g£| to*e apical 3 mm of the 
wot hair formation. CeU . dl ^ s ^ ? 25 ^ behind the apex. The zone of 
root, and occurs at a maximal rate 1. 25 mm oemn j elon g a tion being 

elongation extends 8 mm behind the apex. . Th ^rested m 

JEE^S mm from the .tip ^ ^ 
using the root for physiological or ; ceu analysis of the growth para- 

^t^r^i^ssr ,» such y st Udi es. 

system (compare Fig. la and b). intemodes of the stem The 

adventitious roots produced by the J» s ^ m< ^noally present in the embryo, 
jSSSa of a few »*~** u * Tw 1? primordia are subse- 

and these emerge^oon ^ r JS u SSSi«2Si intemodes, and also appear 
quently iniuaieu ^ «-"^ — — 
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miles. ft f fertilization have 

*u wmal- The events surrounding : the process w (l975) . 

unavailable. , OT -th Within 5 minutes 

The silk is receptive to P°^"tsena1 «l>ich penetrates £e 

^e .^^^^ijjsr sp- ^-..s: ass 

r 2 h " th ""° poiar stx 

releasine the two sperm. 0ne ^ff 1 ?^ a tripMd cell that gives rue to the 
S^fcentr o f ^^TJl^^ *e egg nud- to f o™ £ 

»W™. S Stn * 2% of™ ' tto. the P°J^ u ^th the extra spem nuclei 
F5°,v^ hv soenn from different pollen grains, mtn fc on caUe d 

S^tmeU? ™st (Sarkar » d on 5°Vres" ndence b^en the genotype of 

The deveiopment of the ^^i^ZX^^ 

40-bU aay& growth of the embryo an" " d ^ remaining 

SSL'S the^dosSrm is about dW 4 °" 8113 

^STays is spent mature and dryuig. ^ 

A mature kernel has three major parts. ^g^ te rSyra the 
-v.,™ mi 6). The pericarp. «he ttugh gene tically identical 

S ^SSTpSS ^n^dC™ »^ represent the next 

to the maternal parent. 

FSr-tt- - -V ^-^rrthe^irTe^nce and are 
.indentation. These two tr^- — 
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rt f ™ a ize Other common endosperm traits 

ss^syf «sr e « , ss-sSnrs- rt ^ «-. -»««»■ «* <» — * 

to either afltat or dent background. 




Figure 6- 



Longitudinal sectors of a mature «g ^l^TtJPgZi 
dlcular (left) and I P«Jja (right) to tte upp _ al . 

radicle; cr - coleorhiza. 

Much of our understanding of Se'tternal^ytr tt£ 

analysis of genes affecting . the WgJ?^ 

« e ™dosTerSlie 2X2ST*t«*& P*— Internal endo- 
sperm cells may be either yellow or white. 

t , ftn thB hroad side of the kernel facing the upper 
. The embryo is located « ^ b««d «dj « Most of the tis 

end of the ear, * *f iJJSlum a spade-like structure concerned 

in the embryo is part of the se£ enum - a £ ^ seed Bng the nutrients 
with digesting and transmitdng ; to the d f™™ s f re recessed m the outer 
stored in the endosperm. The shoot an* root ( plumule ) has 5 to 6 

face of the scutellum. to " ^"f? 8t ages of ^etopment (Abbe 

leaf priroordia that are arrested at successive « s structure caUed 

and Stein, 1954) Surrounding th^ > shoo * * £ c ^ tes UQtil it is above 
the coleoptile . Upon e*™^' rapid expansion of the rolled 

ground and is then ruptured by the more f ^sub cal ied the 

feTves within it. The ^ is enclosed ? not elongate very 

S^g^ ZTlTto^AX 'soon as it emerges from the seed- 

III 1 J 1 .1 1 . OliM ~ — • ** 
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Determination of parentage i* fundamental to the study of biology and to apphcauons such as the 

u l of h^pcrUrilble loci and mismatches of allies that can be caused by ™«^££^2 
error and that™,, generate false exclusions. Furthermore, most stud.es of parentage have been ImUed 
« Comparisons of small numbers of specific p^nt-progeny trip*.* thereby preclud mg , arge-* «k suncy 
of candidates where there may be no prior knowledge of ^rentage - We pr«en an a go «Am d« can 




missing and mis.yped data to demonstrate the utility and flexibility of this algorithm. 



DETERMINATION of parentage is fundamental to 
the study of reproductive and behavioral biology. 
The increasing availability of highly discriminant ge- 
neric markers for many diverse species provides the 
potential to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parentage where 
genealogical relationships are unknot, in error, or in 
dispute. 

Identification of parent-progeny relationships in wild 
populations of animals and plants provides insights into 
the success of various reproductive strategies (ElX- 
stramd 1984; Smouse and Meagher 1994; Aldekson 
et (d. 1999) and has allowed for the implementation 
of management programs to conserve genetic diversity 
(Miller 1975; Rannaia. and Mountain 1997). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and plants allows 
parents that have contributed favorable alleles for desir- 
able traits through selective breeding programs to be 
identified (Bovtrs and Meredith 1997; Sefc et aL 
1998; Vankan and Faddy 1999). These applications of 
associative genetics facilitate further progress in genetic 
improvement through breeding. Establishment of par- 
entage is also useful to secure legal rights of guardian- 
ship in humans, to help protect intellectual property in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect stocks of fish, and to identify 
provenance of meat ibiU i* available in supermarket 



... . ... -t._,_^». r , rat .... T1..# I 'i-.ivp.nilV t>f 

'lArntyportU/TlgftUtHV. Urp,M .f»»l.ltl «ll uiumou^.^. • * -• 
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(Got* and Thalesr 1998: Primmer t aL 2000; Whits 
et aL 2000). 

Most studies of pedigree have utilized exclusion analy- 
sis where the molecular marker genotypes of either one 
or a restricted number of poteniiaj triplets of offspring 
and putative parents arc compared. Often the identity 
of the mother is not in question; the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared with candidate father 
genotypes (ELLSTRANO 1984: HaMRICK and SchnaBEL 
1985). Individuals who could not have contributed the 
paternal genotype are excluded; the remainder arc pos- 
sible parents. Nonpaternity in humans is generally de- 
clared only on the basis of exclusions exhibited by at 
least two unlinked and independent loci- This criterion 
of exclusion reduces the likelihood of a false declaration 
of nonpaternity on the basis of marker results that are 
actually due to mutation widiin the phylogeny. Bein et 
aL (1998) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare nonpaternity in humans lias also 
been instituted (Gunn et at. 199"). In studies of natural 
populations of animals or plants where numerous par- 
ent-progeny triplets arc examined it is usual to accept 
a single exclusionary event as evidence of nonpatcnury 
(Marshall et al. 1998). Paternity testing has been ex- 
tended co situations where DNA from either parent is 
unavailable. For example, paternity can <0H be estab- 

.. . • • . •„_,._. 1 ,U.. „,.nri>»- ftifhcr IS d£* 

usncu in cireum»uwn.c» « •■>;««- r"" 

ceased but his parents are still alive (Hki-mixen h at^ 
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I<><>1: Dix.kki. *t "I. c:haKkaimikvv •>( nl. (IW-W 

demonstrate that paniuiu can In.' tU-icriniinrcl in casts 
where ihe mother is unavailable for testing. Lam; at 
nl. fl'jy:*) partially rci> in-iiriicn.fi die DN'A profile of a 
missing crocodile patent using profiles of the mother 
and progeny. 

C.H,\KR.\ftuKiT el id. f lyjjSj unci Smol-se and Mwchkr 
(iy l J4) report dial reliance upon exclusion alone has 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed From the use of an insufficient 
number of independent hypervariable loci. Other statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each nonexcluded male 
(Burrv and Ceisser 1986; Meacher 1986; MeaCHER 
and Thompson 1986; Thompson and Msachur 19ST; 
Devlin etaL 1988; Berrv 1991). Marshall ttai (1998) 
draw attention to the quality of data thai is encountered 
practically in genotypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some candidate males, daw may be missing for some 
loci In some individuals, null alleles exist, and typing 
errors occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phytogenies can reveal appar- 
ent exclusions that masquerade as non-Mendelian in- 
heritance- For example, apparent occlusions can occur 
in circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in the parent can still become fixed in die 
progeny. U is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcrossing." Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar) 
pedigrees. The effective number of marker loci that can 
discriminate between alternate pedigrees is proportion- 
ally reduced as parents are increasingly related. Conse- 
quently, inbred lines can be more similar to one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search arno'ng hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there is a priori 
information for at least one of the parents (usually the 
maternal parent) . Limited availability of marker loci and 
die lack of very high-throughput genotyping systems 
offering inexpensive ctaut point costs may have focused 
research on studies that involve relatively few individuals 
and where there is at least some a fjrimi indication of 
parentage. Studies that have ln-en conducted without n 
ptinri information on parental* include species where 
reproductive behavior renders idemitiiaiion of die ma- 
tenial parent difficult or imp«>«ihU*. Examples include 



liniic undertaken on birds that praiiiie biootl parasii- 
Imii (Ai.dekson' tt at- I'.Wl oi «xti;i-jjair copulation 
(WfiTi)N 11 at. 19'JU) or on species <w.h as the wombat 
th.ir are difficult to observe in the uild 'Tavi.ok et nl. 
IW7|, 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree. First, molecular marker 
technologies are rapidly developing and ivill allow nu- 
merous loci to be typed for thousands of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within the plant and animal kingdoms including individ* 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose oFthis article is to describe and evaluate 
n methodology that can be used to quantify the probabil- 
ity of parentage of hybrid genotypes. U'e focus on par- 
entage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in die face of mutation, pseudo- 
non-Mendelian inheritance (apparent exclusions) due 
to residual heterozygosity in parental seed sources, miss- 
ing data, and laboratory error. The methodology has a 
number of advantages: (I) It can accommodate large 
datasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by > 100 marker loci), (ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and (iv) it can successfully discriminate 
between many highly related and genetically similar ge- 
notypes, We demonstrate the effectiveness of this ap- 
proach to idendfy inbred parents of maize {Zen mays 
L.) hybrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together with their parental 
and grandparenta] genotypes included among a total 
of 586 inbred lines. The methodology is applicable to 
the investigation of parentage for alt progeny developed 
from parental mating without subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm; Consider an index hybrid whose parentage is 
unknown or in dispute. Inbreds in an available database are 
possible ancestors of the hybrid. The objective is to find the 
probabilities of closest ancestry for cai h inbred on the basis 
of information from SSRs from the indrx hybrid and the 
inbrcrto. There is no reason to trim che tl:itnh.\sc- by removing; 
inbreds thought to be unrelated to the index hybrid because 
their Lick of relationship will be dixcnvrrcd. 

Consider A pair of possible ancestors, inbred / and inbred 
/. Iiu-rc is nothing special about this, p.iiriruku' pair AS all 
(i.iirs -.vill br irearcri ■iimikirlv. Tlir pnti i>s imohi-s ralculatiiif 
ihv probability that inbreds /and /arr in the hvbiirt's ancestry, 
rrpc-.iiin^ this for all pairs of inbreds ill ih«- daiubuse. 
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The baa Li ol tlit- .li^i'iiihin Li ft.iu-V rule Bkkkv 

iyy»»t. Lo d i, /issk.->> »t.iiui inr tin- (pusuiv.i > |>iMi>,it«im 

that / and jWtt ancc*l«rs "t the index In hrid. given thr iiil'/i'iiM- 
cion From [he various S5R.V Let Pit. j) stand for tin- uncondi- 
tional (or prun j pn.h.ihilin of thf same event. Fin.ilK. 
/•(SSRjli. /') is chr probability ijj' ohse:\iii£ the various SSR 
results if in fact / ami /are ancestors. Baves' rule savs 

P{i. yiSSKsi = PlSSR.%l>. ;p -< Ft/.;) in X 

ivherc the sum in the denominator is over all pairs of inbreds. 
indexed by u and v. PtfjSR&ii.j) X Pli.j) is one of the terms 
in the denominator. (To conipuce the denominator in the 
above expression. fix a particular order to the inbred* in the 
database and take it < i/iu expressions involving the pair (w, 
v). (f there arc aSti inbreds. for example, then the number 
of pairs and the number of terms in the denominator is 
586(587)/2 = 171,991.) tnbreds i and j may be parents or 
grandparents or other types of relations or bear no relation- 
ship at all to the hybrid. If there are more than two ancestors 
in the database, such as both parents and alt four grandpar- 
ents, then che possible pairs involving these ancestors will 
generally base (be highest posterior probabilities. If the hy- 
brid's true parents arc In the darnhn*!?. then as a pair they will 
typically have the highest overall posterior probability, (f both 
i and j happen to be related to one particular parent of the 
hybrid, then as a pair their posterior probability will be low 
because they will not usually account for many of the alleles 
that are contributed by the other parent of the hybrid. 

We will make the "no-prior-informadon" assumption that 
P{ti. v) is the same for all pairs («. v). This implies that this 
factor is cancelled from both numerator and denominator in 
the above expression, giving: 

ft i, f SSRs ) = PCSSRs I i. j ) ,'2 ff SSRs I >u v) . 

The problem is then to calculate a typical P(SSRsl i.j). Assume 
inbreds iand y'are both ancestors. VVc calculate, the probability 
of observing the resulting- hybrid under this assumption. We 
make no assumptions about relationships among the various 
Inbreds. Other possible ancestors will be considered implicitly 
in the calculation by allowing their alleles to be introduced 
through breedings with <And j. However, the naiutc of such 
breedings is not specified. Suppose inbred Ts alleles are (a. 
b). Each descendant of inbred i receives one of these two 
alleles or not. .An immediate descendant receives one with 
probability 1 (barring mutations). A second generation de- 
scendant receives one of them with probability 0.5. And io 
on. Since degree of ancestry (if any) is unknown, wc label the 
actual probability of passing on one of these alleles to be P. 
Similarly, an allele from inbred j has been passed down to the 
hyhrid Or rtOL. and the probability of the former is P. In the 
following. Pwill be taken to equal 0.50. although wc will also 
consider P = 0.y9 in some of the calculations. 

Assuming P = 0.50 is consistent with the closest ancestors 
In the database being grandparents. However, we are not 
interested in grandparents prr se. If the closest ancestors in 
che database were parents, then as indicated above P should 
equal 1 (ignoring mutations and laboratory errors). Our pri- 
mary concern is when the parents are not in the datahasc. In 
this case Ph no greater than 0.30. Assuming P= 0.50 is rohust 
over the middle range of possible values of P. One war in 
which it is rnbusf is ir'rhere may be mutations and laboratory 
errors, in which ease P would have to be <1. Taking P to , 
equal 0. 30 levies little penalty against a particular pair in which 
there is .in apparent exclusion fnim direct parentage. There- 
fore raking Pro hi: < I means that il" the in if parents .ire in 
the iliiulxot' then ihc- --v ill imi ho ruled nut if iheiv happen 
to be imitaiiotis ami lahuracon error*. Ami il'lhf cln<f*t mire*- 
tors in the datahasf are more rcnune ilr.m aiiilp.iivius, they 



SI*. 

are likely to be iilt inirird brc.mw- ihti will nsiiully have ilit- 
l'cwc«i mismatches of the lint's <'Mii>itU'rcd. 

When / and j arc ancestors thru- .ire lour possibilities: ( I > 
'flu- alleles of both inbreds / and , «.- e re passed to the hybrid. 
' — » inbri-r! i came through bin nut inbred /, {.">) inhrcit / 
came rhrrmgh but n..t inbred i. and i4i neither inbred came 
th rough. .Assuming independence, these ha\c respective prob- 
abilitics P{ 1 - P). P{1 - «. (I - P,-. In the ease P = 
0.50. all of the<e probabilities equal 0.25. 

An instance of che law of total probability (Sec. 3.3. Blrkv 
1906) is chat the probability of oh<crving a hybrid's alleles is 
the average oF the conditional probability of this event given 
the above four cases. The simplest of the four cases is the 
first possibility; Assuming the hybrid's alleles are passed down 
directly from both inbreds. the probability of observing the 
hybrid's genot\pe is either 1 or 0 depending on whether the 
hybrid shares both inbreds' alleles. (It is especially easy when 
both inbreds arc homozygous.) The other three cases require 
an assumption regarding the possibility that an inbred's allele 
is not passed to the hybrid but is interrupted by a mutation, 
a laboratory error, or intervening breeding. We regard such 
an allele as beinj selected from all known alleles with probabiN 
icy l/(number of alleles), where the numhrrnf alliHt»N !s rh* 
total number of alleles Imciwn tr> exist at the locu* in question. 
An alternative approach would be to use the allelic propor- 
tions that are present in the database (or in another da tubase). 
However, the lines in the database may not be randomly se- 
lected from any population. For example, a line that has been 
highly used in breeding would have many derivative tines in 
the database, in which case the frequencies of tcs alleles will 
be artificially inflated. Assuming equal probabilities for the 
various alleles at a given locus is robust in the sense that it is 
not affected by adding and dropping lines from the database. 

There are many cases to consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosity of the hybrid and the inbreds. and allowing for the 
possibility of missing alleles or "extra alleles" in the assessment 
of the hybrid and inbred genotypes. These possibilities are 
too numerous to list. Instead we give three simple examples. 
All the examples have homozygous inbreds. the most common 
cn«». And each of the three hybrids has two alleles, again the 
most common case. Wc suppose that the measured alleles for 
three SSRs and a particular trio of hybrid and ancestor inbreds 
are as we have indicated in Table I. 

For SSR 1 there are three known alleles, one in addition 
to alleles a and 4 that are listed for die three lines (hybrid, 
inbred i, and inbred j) in Table 1. For SSR 2 and SSR 3 
there are two known alleles in addiuon to those listed. The 
calculations in the right half of Table I will now be explained. 
Implicit in calculadng P(SSRI j.y) is the assumption— required 
in both the numerator and denominator of Bayes' rule^ — that 
inbreds / and; are ancestors of the hybrid. Consider SSR 1. 
In case 1 above, both ancestors' alleles (as measured by the 
laboratory process) are assumed to pass to the index hybrid, 
and so in this case the hybrid is necessarily ab. The probability 
of observing the actual hybrid's genotype is I for case 1. as 
shown in Table 1. In case 2. we assume that inbred fs allele 
passes to the hybrid but inbred js does not. Indeed, the hybrid 
has an a allele. The probability of observing a A as the other 
allele is 1/ (number of alleles) = as shown in Tabtc 1, 
Case 3 is Similar. Tn case 4. neither ancestor allele is passed 
to the hybrid: the probability of observing the hybrid's geno- 
type to'" any heterozygous genotype) is S!t I, 3) ( 1 . 3> = 2. 9- 
Since P — 0.50. the overall [uncuiidiiinnall probability in the 
rightmost column {17, MA is the simple average of the fuur 
cases. ,i.s iiidti.ated in Tabic I. 

For SiiR '2 .mtl ."SSR 5 tile e:itciiiaiu>ns are «iinibr. Knr SSR 
- rhcrc is untie c\iilerice ai^iinsi pair (i. /) bt-inj; ancestors. 
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Probability of observing a hybrid's alleles using three sample SSRs and four possible combinations (cases) 
of alleles passed, assuming thai inbreds £ undj are ancestors of the hybrid 
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but it is not conclusive. For SSR 3 there is even less evidence 
favoring pair {L j). It would not ate many SSRs with evidence 
similar to that For SSR 3 to essentially rule out this, pair — 
provided that other pairs are not similarly inconsistent. 

To find the overall r"(S5Rj>li, j). multiply the individual 
/fSSRI/",y) over the various SSRs. There arc purely compunt- 
tional issues to address. Each /"(SSRI is a number between 
0 and 1. When there are a great many SSR*. the product of 
these numbers will be vnnishingly small. To lessen problem* 
with computational underflow, For each SSR we multiply 
rtSSRltt, v) by the same constant for each pair («. v): the 
inverse of the largest possible such probability. For example, 
since 17/36 is the largest probability for a heterozygous hybrid 
at art SSR having three alleles (as is the case for SSR I in 
Table 1). we mulciplv all factors P(SSR/Ik, v) by 36/1". To 
eliminate remaining problems with underflow, wc do calcula- 
tion;: using logarithms (adding irnnMd of multiplying) anA 
take antilogs at the end- 

The probability r\5SRlu. -j) is calculated for all («. v) pat" 
and summed over all possible pairings in the database, includ- 
ing that for the inbred pair under consideration: <i, y). This 
gives the denominator in the expression For P{i. ylSSRi). 

To determine the probability that any particular inbred, say 
inbred /. is the closest ancestor of the index hybrid, sum 
/TSSRli. v) over all inbreds v with v =/ i. Call this P(ilSSRs). 
The maximum of AXjISSRs) for any inbred i is 1. But since 
there is one closest ancestor on each side of the family, the 
sum oF/tj'ISSRj* over all inbreds iis 2. If there is a parncular 
pair (i, j) forwhich f\(./ISSRs) is close to I then both rtilSSRs) 
and /"OlSSRs) separately will be close to 1. 

SSR data: DNA was extracted From 34 maize hybrids and 
from 586 maize inbreds. All of the hybrids and most inbreds 
are proprietary products of Pioneer Hi-Bied International: 
some important publicly bred inbred line* were also included. 
The inbred parents and grandparents of each hybrid were 
Included within the set of inbreds. Other inbreds rhat were 
genotyped include many that are highly related by pedigree 
to parents and grandparents of the hybrids. The hybrids were 
chosen because each has a pedigree that is known to us and 
colleeav-elv they represent a broad array of diversity of m:iiie 
germplasm that is currently grown in the United States ranging 
from eartv to late maturity. 

A total' of 195 SSR toci were used in this study following 
procedures desrrihfd in Smith a aL ( [y97i. but modified as 
described below. SSR loci were chosen on the hasij ihat they 
iiicUviduallv havr been shown to luive a high power ot discrimi- 
nation among nuii/c inbrrcl lines and collectively they [>rmi<U- 
torn sampling i»filivu'»itv fin- carh ehivmi>si>me arm. Ot'iheSv 
SSR!i.ii"i, ihi-t'oll">»iii;< iiuuil>etN I'm [):uvnrh(,-i'.si i*C"- Uniiici! 
Oil individual inai/f iIihuiiosomu-s as follows; I (35*. - i. -'•>!. 
.1 1221. I ,'JMi. ."' !!•>>. ri 7 id). S i\s>. 'J il2t. and l«> 



(14): I" SSR loci have not yet been mapped. The correlations 
among the loci are unknown and are irrelevant for our meth- 
odology. 

Sequence data For primers that allow many oF these (and 
other) SSR loci to be assayed are available at website http: 
www.agron.niis5ouri.edu. All primers were designed to anneal 
and amplify under a single set of conditions For PCR iu 10-ul 
reactions. Genomic DNA (10 was amplified in 1,5 m.--c 
MgC.U. 50 m.M KCl. 10 mat Tris-Cl (pH S.3J using 0.3 uniu 
AmpliTaq Cold DMA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was fiuorcs- 
ccntly labeled) at 0.17 jam and 0.2 m\t dNTPs- This mixture 
was incubated at 95' for 10 min (hot start): amplified using 
45 cycles of denaturation at 95" for 30 see. annealing at 60" 
for 50 sec. extension at 72* For 35 sec; and then terminated 
at 72° for 10 min. A water both thcrmocyeler manufactured 
at Pioneer Mi-Bred International was used for PCR reactions. 
PCR products were prepared for electrophoresis by diluting 
3 ,jj of each product to a total of 27 u.1 using a combination 
of PCR products generated from other loci for that same 
maize g^no^pe (multiplexing) and/or dH20. Dilution oF 1.5 
u.1 of this mixture to 5 u.1 with gel loading dye was performed; 
it was then electrophorcsed at 1700 V For 1.5 hr on an AB[ 
model 377 automated DMA sequencer equipped with GENE- 
SCAN software v. 3.0 (PE-Applied Biosystems, Foster City. CA). 

PCR products were sized automatically using the "local 
Southern" sizing algorithm (Elder and Soi/therm 1987). 
After sizing of PCR products using CeneScan. alleles were 
assigned using Genoryper soFtwarc (PE-Applied Biosystems). 
Generally, allele assignations for each locus were made on 
the basis of histogram plots consisting of 0.5-bp bins- Breaks 
between the histogram plots of >1 bp were generally consid- 
ered to constitute separation between allele bins; however, 
other criteria, such as the presence of the nontemplate- 
dircctcd addition of adenine (+A addition) and naturally 
occurring I -bp alleles, were used on a marker-bymarkcr basis 
to define the allele dictionary. .All allele scores were made 
without knowing the identities of the maize genocypes- 



RESULTS 

Table 2 presents the probability of closest ancestry of 
the top five ranking inbred lines for each of 5 hybrids 
at P = 0.30 (Table 2A) unci P= 0.09 (Table 2B). Proba- 
bilities of ancestry ;ire- shown fur all 54 hybrids and tin- 
top l-jtikmi: inhrecN in Fi-jute- 1: P = 0.30 (Figure l.n 
and f* = O.yi) (Figure Ihi. RvnuIls for the hybrids pre- 
sented in Tahle - .ire iV.iturrU at the top of Figure I. 
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Probability of ancestry of five hybrids using data obtained from SO, 100, and 195 SSR loci 
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When the algorithm used P = 0.50. the tun correct 
parents were identified us highest In probability for 48 
(SV^) hyhrirt.< (Figure 1). For each ot'rl hybrids (3Si)S. 
3SP05. HWR.V2. :5V'0;". 3914. and XOiUfvu". our parent 
ranked in the top two places. The other pat cut was 
supplanted either h\ a sister inbred or by an inbred that 



was a direct progeny of that parent. Overall. I0'J («4/t) 
of 10S parental inbreds were correctly identified. For 
hybrids where both parents ranked first or second, the 
range of probabilities tV>r parental lines dial ranked first 
from anions all other inbreds ranged from I.OIHHJ itt 
O.D9i>7: parental lines ranking second ratujrd frniii 
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I .(JUDO to Fi»r 35 hybrids, both parents had piol>- 

abililies am.e>ity in execs* of 0.999. Probabilities <il 
ancestry for iunip;ucni!» that ranked in fir-it ur second 
plato were from O.uyjy to 0.7054. For the majority uf 
Inhrid*. tin- probability of the thirrl and liighcl ranked 
noupurentul inbred was at or below E^Ofi. This indicate* 
that there is ii.sti.illy very little uncertainty about clo-est 
ancestors. 

When the algorithm used P = 0.99 to examine each 
of the 54 hybrids, both parents were correctly identified 
for 52 {9Hfe> of hybrids and for 937o ( 102- 104) of the 
parents across all hybrids (Figure I). Two hybrids (3914 
and X0915A), in which one parent was not ranked in 
the top two, were also in the subset not ranked in the 
top two assuming P = 0.50 (above). In both cases their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of the corresponding parental line. For 49 hy- 
brids, both parents had probabilities of ancestry in ex- 
cess of 0.999. Among the 5 hybrid* having a patent 
ranking second with a probability of ancestry hclmv 
0.999, the lowest of these probabilities was 08976 and 
the highest probability for a third ranking nonparenc 
was 0.1023. For most hybrids the probability for the 
third and highest ranked nonparental inbred was at or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where heteroieygOUS loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occ\ir- 
rence in well-maintained inbred development and seed 
increase programs but is possible because ~3-5% of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per locus 
can be scored when D.VA. is extracted from a bulk of 
individual plants and because inbred parents are not 
homozygous due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the case of ana- 
lyzing data from 195 loci tend to be verv small because 
there were few loci where an inbred or hybrid sample 
(From a bulk of individual plants) was scored for more 
than two alleles. 

MarSHaU.W"'. (lOytf) have drawn attention to errors 
that can be encountered in genutyping surveys. These 
errors include missing data, null alleles, and cyping er- 
rors. Vv'e therefore inve-ti*rated th<_- rohusuie*< of the 
algorithm by exam mini; the effects of modification* in 
the data rm- h\e hvlMKU ''MIT. 3525. 3:Wi. :*"»•>. ami 



3«>10i. First, wc rediRi-tl the number of .SSRs used, from 
the lull -el uf 195 u. Ion and then to 50 (Table 2). Use 
of 30 lod generated in tor reft ranking of one parent 
fur cadi uf two lulu id* (;!-U7 ;uul 3940 j and for built 
parents of one hybrid !."90 ; " >. All uf these most highly 
ranked nonparental inbred* were closely related to the 
true parents for each of the respective hybrids: six differ- 
ent inbred lines were involved. Four were direct progeny 
of the true parents (one with additional backerosic* 
from the true parent) and two were full sisters (from a 
cross of highly related inbred* i of the actual parent ©i" 
die hybrid. Using \00 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 3905. All four nonpatents 
were closely related to the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one was a full sister of the true parent. Use of data from 
ail 105 loci corrected the placement for one of the 
parents of hybrid 3905. Two inbreds that were not par- 
ents of this hybrid remained ranked more highly than 
one of the true parents. Both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to dvat parent in its pedigree. 

To address the consequences of laboratory and other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminating 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly). Wc also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a summary of the results of making these 
modifications in the data. For all modifications we used 
data from all SSR loci and we also randomly chose SSR 
loci to create subsets of 50 and 100 lod. In each case, 
the program was run 20 times for each hybrid/set of 
loci. When all 195 loci were examined, replications dif- 
fered only according to the particular choice of alleles 
for loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these data in the hybrid and all inbred 
lines at levels of 2, 5, 10. and 23^ of the alleles for each 
of five hybrids and alt inbreds bevond the level of error 
as originally scored by the laboratory. We examined the 
effects of these levels and types of error for three sizes 
of database: 50 loci, IO0 loci, and alt 195 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: 3417. 3525. 355«. 390.' . ami 3940. One of these 
hybrids (3905) was chosen because one of its parents 
did not rank among the top two places even when the 
complete and unmodified data fn>tn all $5R l«xi were 
used. 

Example.* of robustness in tin- hue of additional error 
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(in live hybrids using sublets ol'fiH .uiri H>D loci and all 
Iiki are shown in Table 3 where numbers of parents 
ranking into tin; top two plvw.es are presented. Degrada- 
tion in the preferential ranking nl parent mbrecLs at a 
levH >>( 2;Vc additional missing ct;t f ;\ was shown for one 
hybrid '3325) with usage of 50. 100. or all 55R loci. 
Dt 'gradation in the preferential ranking of parent in- 
bred- at a level of 2'»% additional niittcored data was 
shown for hybrid 3556. When both additional levels of 
trusting and misscored daw were simulated, degradation 
in the ability to preferentially rank inbred parents oc- 
curred for alt hybrids and for ail <ecs of SSR (50, 100, 
and 195 loci) except for hybrid 3417 when data from 
195 SSR toci were used. Over all five hybrids, use oflOO 
loci improved robustness from the use of 50 loci; use 
of 195 loci further improved robustness for four hybrids 
(3417, 3525. 3905, and 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

We also ranked inbreds according to their probability 
of ancestry of hybrid* when both parents and all inbred 
derivatives and full-sister inbred.-; of the respective in- 
bred parents for each hybrid were excluded From the 
analysis. The results are coo voluminous to present here 
but can be summarized as follows: Using P = 0.50, a 
grandparent of each respective hybrid ranked into first 
place for 41 (76%) hybrids; probabilities ranged from 
0.4976 to 1.0 and most were above 0.9999. Other classes 
of inbreds thai ranked in first position for probability 
of ancestry were inbreds derived direcdy by pedigree 
from a grandparent of the respective hybrid (DGP) for 
l$% of hybrids, inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DCCP) for 9% of hybrids, and one class {2% of hy- 
brids) with an inbred ranked into first place that was 
directly related by pedigree to the great-great-grandpar- 
ent of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parents of the hybrid 
as follows: Thirty-one (57^ of hybrids) were agrandpar- 
ent of the respective hybrid. 11 (20S&) were classed as 
DCP, 7 (13%) were DCCP. 1 (2<&) was class DCGGP, 
and 4 (7%) were a great-grandparent (CCP) of the 
respective hybrid. Over all hybrids, two of the four 
grandparents ranked into first and second posidons for 
23 (43% of hybrids'): three grandparencs ranked into 
the first three posidons for 5 ( 0< 7- of hybrids). There 
were uO instances where all four grandparencs ranked 
into the first four posidons. Thirty hybrids had a grand- 
parent ranked into first position using P = 0.99. The 
number of grandparents ranked into the top five posi- 
tions was 93 (compared to 108 when P - 0.50). The 
number of (grandparents rarlkini,' into tin- top two posi- 
tions was i):') (compared to 71 when P = 0.5i>}. Tbe 
mean probability of a grandpareiu that ranked into the 
Him tui. pi unions was O.V^28S iSp = o.i when P = 
0.30 ;m<! O.WHO (SO = O.01D4I when l> = U.'J'A 



DISCISSION 

T"li«" prevalent use uf paternity indices demonstrates 
thai it N advantageous to have explicit probabilities of 
ancctn to distinguish among different pedigrees. Mo- 
leLtilar ni.uker profiles arc rapidly becoming n i> c- ex- 
tensive and rost effective to generate. Features that would 
advance the >tati>tical analysis of molecular marker data 
to prov ide explicit probabilities of ancestry include the 
ability to calculate probabilities of ancestry where there 
isno a prion's information as to the identity of one f usually 
the maternal) parent and robustness in the face of labo- 
ratory error. 

Maize inbred lines and hybrids provide a very csacdng 
set of materials for evaluating the discriminatory abiti ties 
of molecular data and statistical procedures that are 
employed to interpret those data. Hundreds of maize 
inbred lines of known pedigree together encompass a 
great diversity and complexity of pedigree relationships. 
Some inbred lines can be very highly related and geneti- 
cally similar due tu their derivation from common par- 
entage including from parents that are themselves highly 
related. Consequently, relationship categories such as 
"sister" or "parent" when applied to maize inbreds usu- 
ally refer to closer degrees of pedigree relationship and. 
thus, of gcrmplasm and molecular marker profile simi- 
larity than those of the equivalcndy named classes of 
relationship for animal species. Most maize hybrids that 
are widely used in the United States today ore con- 
structed from pairs of inbred lines that arc unrelated 
by pedigree, each inbred parent having been bred from 
a separate "pool" of gcrmplasm. Various degrees of relat- 
edness are possible between hybrids according to the 
pedigree relationships among their constituent inbred 
parents. 

Using P = 0.99 in the algoridim is more specific for 
identifying parents than using P = 0.50. However, P = 
0.99 is less robust for identifying other relatives, such 
as grandparents. When the algorithm was run at P — 
0.50 there were 6 hybrids for which One parent did not 
rank among the top two most probable genotypes. For 
the remaining 4S hybrids the correct parents were iden- 
tified even in circumstances where other candidate in- 
breds included not Only full-sister lines bred From re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid. For each of 
die 6 hybrids where a nonparent ranked above a true 
parent, that higher ranked inbred was always either a 
sister or progeny of the outranked true parent. The 
range of pedigree relationships as expressed by the 
Malecot coefficient of relateclness (Malkcoi 194«> that 
was encompassed by pairs of true parents and more 
highly ranked inbred relatives of the true parents was 
from <>S:'yo to o.ufiSO. A coefficient of O.Sj'.m* appro*!- 
mute* a relationship between inbred A and A' where 
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inhre'l A' lias been bred horn .i ltov. of inbred:- A and 
li wiih between mit and Uu> addiitoiutl lnu.kLio.vM.-s of 
the parental inbred A. A Malccot cocfTieiciu of relation- 
ship wf U.yCiSO cl«»d> approximates a relationship be- 
tween inbreds A and a" where four additional back- 
crosses uf part-Ma! inbred A follow the initial cross of 
inbreds A and B. 

Running the algorithm at P = 0. r j l ) in comparison to 
P = 0,30 raises the probability of ancestry for the parents 
while diminishing the probabilities for the third and 
lower ranking candidate inbred Unci. Use of the algo- 
ridim at P = 0-99 increased both the percentage of 
hybrids with both parents ranked in the first two posi- 
tions (from 89 to 961$) and the percentage of parental 
inbreds that were ranked first and second (from 94 to 
98??)). Two hybrids (3914 and X0915A) did not have 
both parents ranked first and second when the algo- 
rithm was run at P = 0-99. For both of these hybrids 
the nonparental inbred that outranked the true parent 
was itself a product by pedigree from the true parent 
that had been created by an additional four backcrosses 
of that parent; the Malecot coefficient of relationship 
between the parent of the hybrid and the inbred that 
outranked that parent for these two hybrids was 0.9636. 

Robustness was tested by evaluating the effects of us- 
ing data from different numbers of loci and by iimuUt- 
ing additional levels of missing and misscored data up 
to combined levels of 25^ error beyond that which was 
provided by the laboratory. From our experience, error 
rates of 5 to 10% can occur in SSR profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity among seed lots and by deficiencies in the scoring 
of heterozygotes in hybrids. The additional levels of 
simulated error, therefore, include rallies (up to —55^ 
total error) that are well outside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 30 to 100 (with no additional missing or 
misscored data) did reduce the number of instances 
where inbreds that were nor parent* of a hybrid out- 
ranked the true parent from four to one. Nonetheless, 
all of these more highly ranked inbreds. although they 
were not themselves the true parents of the respective 
hybrid, were either direct progeny or full sisters of the 
true parent (Table 2). Consequently, if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that are identified as parents of hybrids, then SSR data 
from 50 loci of equivalent discrimination ability are 
sufficient. L'sc of data from 30 loci also evidenced ro- 
bustness in the face of up to lO^c additional levels of 
either missing or misscored data: no degradation in the 
ability to identify a parent was apparent up to the level of 
10% additional error except for 10*7 additional missing 
and misscored alleles for one hybrid (3"i25: Table 3). 
However, use of Id) U>ci increased the proportion of 
true parents thai were correcUv identified from 3:^- 
(for 3D IiilU to 71 '•< I mean correct parents over alt 



level* of error: Table 'M- L'se ol data From l l .'f» loci 
provided ^ivatev reiilieiKy U£.iin.-.i additional Uriels of 
error. However, use of data From 195 loci was unable to 
provide resiliency against the negative eliVet* uF adding 
combined levels (ut25 c s ) of both missing and misscored 
data (Table 3). Al the "2o c i level uf additional poor data 
integrity, inbreds that were not related to the true parent 
of the hybrid outranked the true parent for Four of the 
five hybrids. Levels of missing or misscored data should, 
therefore, be kept below 15-20^ (assuming a level of 
5-10% error in the data we analyzed prior to simulating 
additional error). 

We have previously examined the pedigrees of in- 
breds that are ranked into the first two positions when 
the true parents are removed from the list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the true parents then rank most highly (data not pre- 
sented) . We therefore examined the rankings of inbreds 
with respect to their ranking and probability of Inclusion 
in the ancestry of each hybrid after the removal, not 
only of the true parents, but also of the progeny of the 
true parents and any full sisters of the true parents. In 
these circumstances the grandparents of the hybrids are 
ranked predominantly into top positions. Using P — 
0.50. a grandparent ranked into first position for "6% 
hybrids and into second position for 579fc hybrids; with 
P - 0.99 a grandparent ranked into first place in 56% 
of hybrids. At P = 0.50 cwo grandparents ranked into 
first and second positions for 43% hybrids and into the 
first three positions for an addidonal 9% hybrids. Most 
of the remaining inbreds that ranked into the cop two 
positions were progeny of the grandparent. A total of 
103 grandparents ranked into the top five positions 
when P-= 0 50; 93 ranked into these posidons when P- 
0.99. Seventy-one grandparents ranked into the top two 
positions when P ~ 0 50; 55 grandparents ranked into 
these positions when P = 0.99. The mean probability 
of a grandparent in the top two positions was 0.9288 
(SD 0 1434) when P = O.jO and 0.9930 (SD 0.0104) 
when P = 0.99. Our algorithm was written to identify 
pairs of ancestors: alternative algorithms could be tai- 
lored to identify all grandparents once parents had been 
identified and removed from the list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to show probability of 
parentage in circumstances where the a priori pedigree 
identity of neither parent is known. Exclusions are taken 
into account, thereby allowing parentage to be shown 
even when the two parents are not represented in the 
database of molecular profiles that are examined. Het- 
erozygous candidate parents can be accommodated. 
The number of loci thai is necessary to provide a reliable 
basis of determining pedigree is dependent upon the 
degree of relaterlness amomjj parents and nonparents 
and tipoti ihc'liscrciiiiiiatoiv ability of the marker »y*tem 
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in tlic sprtic* ')f tuct rot. L'-iiuu /' •= O.w crnnpurcd to 
P = ll.filJ prcfci ciui.ilU iclLtiiilkcl mere true putcubi ami 
with u greater ditt'erence oF probability to third placed 
noup;n-«iiLs. If ilu-it is re;isnii;ihlc assurance that tlit- 
purcnls arc amony; the candidacy list ofinhreds. then 
P = U.'X) should be u^edi if greater robustness is re- 
quired, then P = 0.30 should be used. 

Application* of our algoridim include the identifica- 
tion of pedigrees among individuals of plant Or animal 
species where molecular profile dutasets exist that can 
be interpreted in terms of segregating alleles at individ- 
ual marker Joci and that provide a sufficient power of 
discrimination. Capabilities to generate large datasecs 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assise in the protection of intellectual 
property that is obtained on plant varieties or upon 
specific dams or sires of animals through the determina- 
tion of pedigrees. 
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Sir: 



RULE 132 DECLARATION 
OF 

DR. DINAKAR BHATTRAMAKKI 



I, Dinakar Bhattramakki, Ph.D., do hereby declare and say as follows: 



1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Plant 
Molecular Genetics from the University of Illinois at Urbana-Champaign. I have a 
Bachelor of Science degree in Agricultural Sciences from the University of 
Agricultural Sciences, Bangalore, India. Since 1997 I have been engaged in the 
analysis of molecular markers for plants. I have supervised the Molecular Marker 
Applications lab at Pioneer Hi-Bred International, Inc. from January 2002 until the 
present. 

2. I am familiar with the methods used in the analysis of Simple Sequence 
Repeat, SSR, marker data for inbred PH581 conducted at Pioneer Hi-Bred 
International, Inc. The analysis of the SSR profile of inbred PH581 may be 
accomplished without any undue experimentation. The SSR profile for inbred PH581 
is attached hereto. 

3. Means of performing this genetic marker profile are well known in the art. 
SSRs are genetic markers based on polymorphisms in nucleotide sequences. The 
PCR™ detection of SSRs is accomplished by using two oligonucleotide primers 
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flanking the polymorphic segment of DNA. Amplification is accomplished through 
repeated cycles of heat denaturation of the DNA followed by annealing of the primers 
to their complementary sequences at low temperatures, and extension of the 
annealed primers with DNA polymerase. 

4. Markers are scored following amplification and gel electrophoresis of the 
amplification products. Scoring of marker genotype is based on the size or weight of 
the amplified fragment. While variation in the primer used or in laboratory 
procedures can affect the reported marker score, relative values remain constant 
regardless of the specific primer or laboratory used. 

5. Primers that may be used to identify the SSR markers reported herein are 
publicly available and may be found in the Maize DB on the World Wide Web at 
agron.missouri.edu/maps.html (sponsored by the University of Missouri), in 
Sharopova et al. (Plant Mol. Biol. 48(5-6):463-481 ) and/or in Lee et al (Plant Mol. Biol. 
48(5-6); 453-461). Markers shown for PH581 are the publicly available markers in 
the sources listed above for which PH581 was tested and shown to be homozygous. 

6. Map information is provided by bin number as reported in the Maize DB. The 
bin number digits to the left of decimal point typically represent the chromosome on 
which such marker is located, and the digits to the right of the decimal typically 
represent the location on such chromosome. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 




By: 




Dinakar Bhattramakki 
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Public Name of 


bin# 


3 H581 


Marker 




sase pairs 


Dhi427913 


1.01 


129.38 


bnlg1014 


1.01 


131.78 


phi056 


1.01 


249.32 


bnlg1083 


1.02 


221.86 


bnlg1127 


1.02 
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phi011 
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123.79 
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5.00 
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167.28 


ibnigooS 
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What is an '-Essentially n^ived Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fill the gap between Plant_Breede<ls Rights and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominantly derived 
from a protected initial variety, while retaining the essential characteristics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somadonal vanant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the Initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, It favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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INTERNATIONAL CONVENTION 
FOR THE 

PROTECTION OF NEW VARIETIES OF PLANTS 

of December 2, 1961, as revised 
at Geneva on November 10, 1972, 
on October 23, 1978, and 
on March 19. 1991 



adopted by the Diplomatic Conference 
on March 19, 1991 

reproduced Cram UPOV Publication No. 438(E) 
issue No. 63 of 'Plant Variety Protection" 



1991 act of the Convention 
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i,. Article U 

. V . » fc . • fcminatlon of the Application ^ 

Any decision to grant a breeder's right shall require an exani nation far' 
compliance with the conditions under Articles 5 to 9. 'in the 'course of the '' 
exasination, the authority say grow the variety or carry out other necessary' 
testa, cause the growing of the variety or the carrying out of other necessary 
tests. Or take into account the results of growing tests or other trials which 
have already been carried out. For the purposes of examination, the authority 
nay require the breeder to furnish all the necessary information, docunents or" 
material. 



Article 13 
Provisional Protection 

Each Contracting ' Party snail provide seaaures designed to safeguard the 
Interests of the breeder during the period between the filing or the publica- 
tion of the application for the grant of a breeder's right and the grant of 
that .right. 8uch neasuree shall have the effect that the bolder of a breeder's 
sight shall at least be entitled to equitable remuneration from any person "no, 
during the said period, has carried out acts which, once the right Is granted, 
require the breeder's authorisation as provided in Article 14. A Contracting 
party nay provide that the said Matures shall only take effect in relation to 
persons whom the breeder haa notified of the filing of the application. 



CHASTER V 
THH BIGSCS OP >HB BOUUDBR 

Article 14 
Scooe of the Breeder's Bight 

(1) I Acta in respect of the propagating material ] (a) Subject to Articles IS 
and 16, the following sets in respect of the propagating material of the pro- 
tected variety shall require the authorization of the breedert 
(1) production or reproduction f multiplication) , 
(11) conditioning for the purpose of propagation, 
(ill) offering Cor sale, 
(iv) selling or other aarketing, 
<v) exporting. 

(vi) importing. -_ • ■ 

(vii) stocking for any of the purposes Mentioned in (I) to (vl>, above. 

(b) .She- breeder pay make his authorization subject to conditions and 
Unitarians. . ." 

(J) { Acta in respect of the harvested Material ! Subject to Articles IS 
and IS, the .acts referred to is it erne (1) to (vll) of paragraph (l)(a) in 
respect of harvested Material, including entire plants and parts of plant* f 
obtained 'through the 'unauthorised use Of propagating naterial of the protected 
variety shall " require the authorization of the breeder, unless the breeder has 
Bad" reAaoaabla opportunity to exercise his right in relation to the said 
propagating material. 
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I 3 ) f Acta In respect of certain products ) Bach Contracting Party any provide 
that, sublet to Articles IS and 16, the acts referred to in ltea> (i) to (vii) 
of paragraph (l)(a> la respect of products made directly from harvested awto- 
rial of the protected variety falling within the provisions of paragraph (2) 
through the unauthorised use of the said harvested material shall require/ the" 
authorization of the breeder, unless the breeder has bad reasonable opportunity' 
to exercise his right In relation to the said harvested material. 

(«) I Posslble additional acta l Each Contracting Party Bay provide that,' sub- 
ject to Articles IS and 16, acta other than those referred to In items (1) to 
(vii) of paragraph (l)(a) ahAll also require the authorization of the breeder.' 

<5) [ Essentially derived and certain other varieties ] (a) The provisions of 
paragraphs (1) to (4J shall also apply in relation to 

(1) varieties vhieh are essentially derived froa the protected variety, 
where the protected variety is not itself an essentially derived variety, 

{ilj varieties which are not cisarly distinguishable in accordance with 
Article 7 froa the protected variety and 

(ili) varieties whose production requires the repeated use of the protected 
variety. 

(b) For the purposes of subparagraph (a)(1), a variety shall be deeaed to 
be essentially derived froa another variety ("t&e Initial variety 1 ) when 

(i) it le predominantly derived froa the initial variety, or froa a variety 
that is itself predominantly derived froa the initial variety, while retaining 
the expression of the essential characteristics that result froa the genotype 
or Combination of genotypes of the initial variety, 

(11) it Is clearly distinguishable from the initial variety and 
(ill) except for the differences which result froa the act of derivation, it 
conforms to tne initial variety in the expression of the essential characteris- 
tics that result froa the genotype or combination of genotypes of the Initial 
variety. 

(c) Essentially derived varieties say be obtained Cor ezaaple by tne selec- 
tion of a natural or induced mutant, or of a soaaclonal variant, the selection 
Of a variant individual froa plants of the initial variety, baokcrasslng, or 
transformation by genetic engineering. 

Article IS 
Except Ions to the Breeder 'a Right 

[ Compulsory exceptiona l The breeder's right shall not extend to 
(1) acts done privately and for non-commercial purposes, 
(il) aeta done for experimental purposes and 
(iii) acts done for the purpose of breading other varieties, and, except 
where the provisions of article 14(5) apply, acts referred to in Article 14(1) 
to (4) in respect of such other varieties. 

(2) [ Optional exception ] Notwithstanding Article 14, each Contracting Party 
■ay, within reasonable limits and subject to the safeguarding 'of the legitimate' iL 
interests of the breeder, restrict the breeder's right in relation tetany " iC 
variety in order to permit farmers to use Cor propagating purposes, on their 
own holdings, the product of the harvest which they have obtained by planting," 
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Applicants: Mario R. Cartone Jr. and 

Stephen W. Noble Jr. 
Serial No.: 09/758,802 



Attorney Docket No. 1334 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Date: Dec. 10, 2002 

Group Art Unit: 1638 

Filed: January 1 1 , 2001 Examiner David T. Fox 

For: "INBRED MAIZE LINE PH581 " 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD., do hereby declare and say as follows: 

1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematics and Taxonomy of Maize and its Wild Relatives from Birmingham University. 
I have a M.Sc. in the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced mis work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 
literature. 

2. I have read and understood the Office Action in the above case dated October 
11, 2002. This declaration is in response to the Examiner's rejection under, 35 U.S.C. § 
102(e) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over 
87DIA4 as described in Johnson (U.S. Patent No. 5,824,849). 

3. I have conducted an analysis of SSR marker data for inbred PH581 and the 
inbred cited as prior art, 87DIA4. Out of a total of 78 SSR loci examined, which allowed 
a sampling of each chromosome, there are 55 markers that show differences between 
PH581 and 87DIA4. This represents a difference for 71% for the markers tested. Of 
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these 55 markers, 26 were greater than 50 cM in distance, or unlinked on the genetic 
map. 

4. Upon crossing PH581 to any other maize line and selfing successive filial 
generations, one would within the realm of what is statistically possible, obtain a progeny 
inbred maize line that retains genetic contribution from PH581 . Assuming that (i) the 
cited prior art is used as the maize line to which PH581 is crossed, (ii) that the only 
difference between PH581 and 87DIA4 are these 55 markers, and (iii) that all markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH581 
progeny inbred that is the same as 87DIA4 after one cycle of breeding, Is t in 2 20 or 1 in 
67,108,864. Statistically it is extremely unlikely that a PH581 progeny, after one cycle of 
breeding, would be the same as 87DIA4. 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PH581 from 87DIA4. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences in markers, in doing so, one extrapolates 
that a percentage difference in markers is indicative of a difference in the whole genome. 
To assume that the only differences between PH581 and 87DIA4 are for these 55 
markers, when 55 markers constitute 71% of the 78 SSR loci examined, is a gross and 
unrealistic assumption. Further the current maize genetic map only has approximately 
sixty 50cM units, so by applying this limitation the maximum number of independently 
segregating loci one could obtain, using the most different maize lines that could ever be 
found, is sixty. These assumptions result in an over estimate of the odds of breeding 
PH581 from 87DIA4. 

6. Given the difference in molecular markers between PH581 and 87D1A4, it is my 
expert opinion that PH581 and 87DIA4 are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH581 
developed through crossing PH581 with another plant will be distinct from 87DIA4. 
Given the facts and based on my education and scientific experience, I believe that the 
invention as claimed Is not obvious nor anticipated by 87DIA4 as described in Johnson 
(U.S. Patent No. 5.824,849). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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Date: (Ore If ^ ZtHSL. By: (L ^4»>,4Qr 

Stephen Smith 
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